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1 Executive Summary

The Dead Pike Lake management plan was developed through a partnership with the Dead Pike Lake
Association(DPLA), the Town of Manitowish Wate(3own) and the Wisconsin Department of Natur
Resource$WDNR). The plan sets water quality gofids removing the lake from the State list of impaired
waters for phosphoruand reducing iron and manganese loading to reduce harmful environmental conditions
and improve lake recreational uses.

DeadPike Lake(DPL) and the upstream, stade/ned Powell Marsh State Wildlife Area (PMSWA) are closely
connected by surface and groundwater fleawd are part of the ecosyste@wver the years, multiple
partnerships have formed to address water quality isgudevated phosphorus and iron at DPL and Powell
Marsh. When the Natural Resources Board approved the PMSWA master plan in December 2016, they
directed thaVDNR to work with theDPLA to develop a lake management plan to address water quality
concernsA work group comprised of the DPLA, Town atMDNR representativesvorking closely with
professionals from Applied Ecological Servicpggpared this lake management plerich focuses on the
reduction ofphosphorusindiron to meet State Water Quality standisand reducenvironmental andesthetic
impairments.

Dead Pike Lakdpcated on thevestern border of Vilas County, is a 28Gre soft water lake with a maximum

depth of 80 feet. DPL is used by anglers, hunters, wildlife viewerseaneational boats. DPL has onpublic
boatlanding with parking for up to fivears and trailers as well as parking on Powell Road. DPL is largely
undeveloped with about 60% of the shore line owned by the State along with about 20 residential parcels. The
total watershedrea of the lake is approximatelyl@Qacres. The Powell Marsh State Wildlife Aréathe

primary surface water contributor encompassing andgg area of approximately 2,08€resfor the lake. The
PMSWA provides extensive public access with multadeess points and is used for wildlife viewing, hunting,
trapping, hiking and biking.

1.1 Dead Pike LakeWater Quality Goals

The Dead Pike Lake management plan recognizes the multiple lake and watershed goals including maintenance
of the ecological integrityfdhe lake ananarshwatershed. The primary water quality concerns at Dead Pike

Lake include the risk to thegory fisheries caused by elevated phosphorus and the environmental and
recreational impairments caused by excessarmhmanganeskake managment goals for Dead Pike Lake

follow a conventional, quantitative approach for total phosphorus where a reduction in loadingr@sults

correlated reduction of ifake concentration Iron management goals have been developed based upon the
STELLA modé results and the estimated reductions that can be achieved through the proposed management
actions.

Dead Pike Lake was added to the 281&te303d) impaired water list because botle ttongterm geometric
mean (16.6rg/L) and thdower boundary othe 90% confidence interval (I5mg/L) exceeded the-&torylake
phosphorus standard of /L for the Recreation use and Fish and Aquatic Life 0dee total phosphorus
water quality gal for Dead Pike Lake isonservatively set to have the letggm geaonetric mearequal toor
less than 159/L, the Sate water qualitgriteriafor a 2story fisheries lake

Well-developedand peer reviewed lake responsedele that predict reductions-iakeiron (Fe)concentrations
or iron floc densities in responselbad reduction are not available. The STELLA model provides a coarse
estimate of the relatiship between Fe loading andlake concentrations but not for iron flaccumulations
Accordingly, percent load reductions are based primarily upon whattieaksiin Fe loading can be achieved
through the management actions. The iron water quality goBidad Pike is to reduce the 3rigy/L Fe inflow
concentration to 1.49 mg/L or less with an estimated temum the inflow load of4,300Fe kg/yr. A
comgdementary water quality goal is to remuthe Fe groundwater load by¥4o reduce the iron floc/iron
bacteria densitieis the lake andlong the nearshore areas of the lake.
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1.2 Recommended Management étions

Thesources, transport and environmental @ffef excesphosphorusiron and manganese ireBdPike Lake

and Pwell Marsh State Wildlife Arearecomplex The management actions recommended in this section are
based upomwater quality conceptual framework described in Chaptard have been deemed most likely to
reduce the levels of phosphorus and iron/manganese in Dead Pike Lake.

The sources of iron and phosphorus come from both groundwater and surface water inputs, with groundwater
being the largest contributof iron (86% to 92%) and total phosphorus (66%). The high concentration of iron

in the groundwater is not related to maade pollution, and although the amount of iron entering Dead Pike
Lake from groundwater is affected by changes in the water budgeti(eught, lake elevation, etc.), the
groundwater portion of the iron load is a naturally occurring condition. Similarly, the relatively high
phosphorus concentrations in the groundwater are associated with watersheds dominated by wetlands
(Robertson D. , 2018)nd the groundwater portion of the phosphorus load is also a naturally occurring
condition.

Thesmallerproportion of iron and phosphorus entering Dead Pike Lake from Powell Marsh has been increased
by the constructio of the ditches and impoundments in the 19%0grage iron and phosphorus concentrations
discharged from Powell Marsh are about two times greater than the concentrations discharged from the
unditched watershed of Deerfoot Marsh to the north.

The reommended management actions described in this section include:
71 Raise the bottom of the Dead Pike outlet stream channel by %2 to 1 foot;

1 Create avetland biofiltersystem in the Powell Marsh ditchesaresto the lake thereby
reducing the inflowing phosphas and iron by 50% to 70%

T Construct a clean water diversion from Stepping Stone impoundment if necessary to maintain
lake surface water elevations;

1 Apply lime to the lake after implementatiofithe phosphorus arithn source reductions

Given the complety of the water quality issues at DPL and PMSWA, implementation follows the principals of
adaptive management with staged implementation combined with evaluation monitoring and progressive
management. The recommended management actions are also piahraadoverall goal of reversibility.

That is, implement the initial management action, monitor the results toward obtaining the water quality goal
and if the goal is not achieved, implement more progressive managemers. agtidnf none of the

managenent action components are effective, reverse the actioreaitite to prananagement conditions

1.3 Implementation Plan

The compleabn of the Dead Pike LakKdanagement Plaand modifications to thPowell Marsh State Wildlife
Areasets the foundation for jpementation of idake and watershed management actions to address water
guality concerns. The Town of Manitowish Waters and the Dead Pike Lake Assqdimfiartnership with the
WDNR, have received a lake planning grant to take the next step of gdangetmnceptual pins and refining

cost estimates for the recommended lake management actions, including 1) establishing a minimum lake level,
2) an inchannel/wetland treatment syste®h,a clean water diversiand 4) a lime treatmenfThe information
generated by the lake grant will provide the information necessary to pursue funding for final engineering and
implementation. For local, state and federal regulatory permits that require a lower level of review (e.g. general
permits), the conceptual plandl be used as part of permit applications. For more rigorously reviewed permits
(e.g. individual permits), permit applications will have to include final engineering plans. The lake planning
grant work will start in February 2018 and be completed égenber 2018.

April 2018 page6



2 Recommended Lake Management Actions

2.1 Lake Management Pan Foundation

Dead Pike Lakés inVilas County in Northern Wisconsiifrigure 2) and isdirectly downstream from the
Powell Marsh State Wildlife Aredead Pile Lakeand Powell Mirsh State Wildlife Areare closely connected
by surface and groundwater flowsd loth water bodies are important resources withe Town of
Manitowish WatergTown) andthe State The Wisconsin Dgartment of Natural Resources DMR) earliest
documented contact about water quality concerns at Dead Pike lake was irsit&that time dke residents
and the Town have continued to vowater quality concerns to theDWR.

The WisconsirNatural Resources Board approved the PMSWaster plan in December 2016 and through an
amendmentjirected thaVDNR to work with the Dead Pike Lake Association (DPLA) to deyea lake
management plato address water quality issu&snce January 2017, tNéDNR has been wiking in

partnership wittDPLA and theTown to develop a lake management plan specifically focused on management
actionsto addresshesewater quality concerns

Thelake management plamork group includes: John Hanson (Town), Pete Guzzetta, Gale Wolf and Kathryn
Wolf (DPLA), Dan Helsel, Michet Woodford and James YadlWDNR). The work groupnetmonthlywith
ongoing email and conference call communications supplementing the face to face contact. This team also
includedregular input from Applied Ecological Services (AES), aniiemmental consulting firm workinfpr

the Townwith funding fromthe WDNR. AES assembled a team of environmental engineers, ecologists and
ecatoxicologistsandprovided extensive data interpretati@easystemmodelingandfield surveysalong with

two workshops with stakeholders to discuss scientific findingspaeskentake management alternatives.

This lake managememeliesheavily on previous technicaleports(Krohelski, 2002) (Kreitlow, 2007) (Barr,
2011) technical mems(Garrison, 2012) Garrison, 2013)(Helmuth, 2017)(Ludwig J. , 2017and
incorpaates the recent water qualand modeling work by Applied Ecological Servi¢dpfelbaum, 2018)

2.2 Summary of Water Quality Goals

The Dead Pike Lake management plan recognizeshilha lake and watershapbak including maintenance
of the ecological integrity dhe lake and watershed o be successful, the lotgrm management of the causes
and impacts oDead Pike Lake water quality CONCEINS  pmmm e -
must be correctly defined and quantifiedhis begins "
with devebping a clear understanding factors affecting
water quality in théakeand watershedcosystemA
sound water quality databalsas beenelveloped
encompasagt he critical 1| emer
hydrology, morphometrywater chemistry, biota,
pollutantload and trophic state. Theke management
planhas evolved from analysis and interpretation of this
comprehensive data set andyides for the distinctgoals
of improving lake water quality arachievingecological
and recreational goals in theaterhed

The primary water quality concerns at Dead Pike Lake
include the risk to the-8tory fisheries caused by elevate
phosphorus concentratig¢autrophicationand the
environmental and recreational impairments causeskbgssron and manganesd_ake nanagement goals for
Dead Pike Lake follow a conventiongljantitativeappro&h fortotal phosphorus/here a reduction in loading
resultsin a correlated reduction ofdlake concentratiofiTablel). Water quality goals for tot@hosphorus,
chlorophylta and wateclarity (Secchi diskuse data from the prescribed assessment @ndlisCALM
(2017b) Due to thestained watex of Dead Pike Lake and Powellkh established relationships beden

total phosphorus and chlorophglland water claritgre different from many clear, unstained lakes

Photol. Iron accumulation along shoreline
of Dead Pike Lakg2017)

Conventional assessment and predictive models are not availabtanfooncentrations and iron floc
formation however, AES used the STELLSEE, 2008 modeling framework to develop site specific
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relationships between iron load aindakeiron concentrationfApfelbaum, 2018) Iron management goals

have been developed based uporSRELLA model results and thestimated reductions that candihieved
through the proposed management actiddecause of the unpredictabili#dgsociated with iron and iron floc
response to management acticaggptivemanagement will be an importastmponenbf lake management

implementation

Table 1. Water Quality Goals for Dead Pike Lake

Water Quality Parameter Existing Condition In-lake Goal | Reduction Goal

Phosphorus Concentration | 17 ng/L 15 ng/L 12% concentration reduction
TSI 44 < 47 Meets goal

Chlorophyll -a 4 ny/L <10ng/L Meets goal

TSI 39 < 47

Secchi Disk 6.88 feet 8.40 feet 24% increase in clarity

TSI 49 < 47

Phosphorus Annual Load 206 kglyr 173 kglyr 16% loadreduction

(GFlow model)

Iron Floc Accumulation 53,222 kglyr 26,611 kg/yr | 50% load reduction

(Total Iron Load from

STELLA model)

Iron Concentration 1.2 mg/L 1.00 mg/L 20% concentration reduction
(Annual average)

Iron z Inflow Concentration | 3.52 mg/L 1.49 mg/L 58% concentration reduction
(Annual average)

Iron Floc Formation TBD TBD 50% reduction

(Viewing bucket rating)

Total Phosphorus

The total phosphorus water quality goal for Dead Pike Lake is tqum er less than 1g/L, the Sate water
guality standard for a-&tory fisheries lak€WDNR, 2017b) The Dead Pike Lake total phosphorus general
assessment for trophic status index (TSI) is rated as good with a TShofl 4deets thet&tegoal of 47 Dead
Pike Lake wasdded to the 2016, 303d impaired wateriistausdoth the longerm geometric mean (1
ngy/L) and thdower boundary of th®0% confidence intervdll5.2ng/L) exceededhe 2storytotal phosphorus
standard of 18mg/L for the Recreation esand Fish and Aquatic Life us&Vith the addition of 2017 datehe
2018 assessments showedtgared impairment

The water quality goapplied a conservative approach usingltngterm upper 90% CI of 1i#g/L as the
initial in-lake phosphorus concentration. Accordingly, the doathe inlaketotal phosphorus ia 126
reductionin the90% CI value of 1Ag/L to15ng/L. Achieving15ny/L in-laketotal phosphorus requires a
16% reductionin annualphosphorus loading from wathed and groundwatsourcediscussed in Chaptér

Iron and Manganese

Elevated irorn(Fe) concentrationgnh Dead Pike Lakeause excessive iron floc and iron bacteria formation
resulting in aesthetic impairmentmtentialtoxicity and habitat degradation in shallow bays and nearshore
areasf the lake. Manganese (Mn) may also contribute to potentlakatoxicity issues and since Mn
chemistry is very similar to Fehemistry the goal reductions for iron are expectedlsm achieve comparable
reductions in Mn.

Well-developedand peer reviewed lake response models that prediattiongor in-lake Fe concentrations or
iron floc densities in response to load reduction are not available. The STELLA model praiidepecific
estimate of the relationship between Fe loading attakimconcentrations but not for iron floc densities
(Apfelbaum, 2018) Accordingly, percent load reductions are bageharily uponwhat reductions in Fe
loadng can be achieved through the management actidesland complexes are usedeffectivelyremove
iron and ae acommon management action feeand Mnassociated with metal mining runofSuccessful

April 2018 page8



wetland treatment technologies have reduced irogamtrations from 30 mg/L and greater down to
concentrations to 1.0 mg/L and in most cases below 0.5 (Bafty, 2005)

Water quality goals for iron include reducinglake concentrations artbe visible formation of iron foc/iron
bacteria along the near shore of the lake. Achievidgkia iron concentrationgoalrequires reductiagin both
theiron load discharged from PMSWA and tinen groundwater loadThe Fewaterquality goal for Dead Pike
is to reducehe 3.5mg/L Fe inflow concentration to 11/5g/L assessed to be background conditimos the
un-ditched marsh watershed Deerfoot Marsh Creek that drains into Dead Pike Lake on the ribinéh.
surface water inflow reduction equatesatoestimated reduction ingfinflow loadof 4,300Fe kg/yr The Fe
groundwater load reduction goal4if% to 72% (B,500 kg/yr to 33,808g/yr) is based upon projected Fe
loading reductions from incremental increases in minimum lake levels.

Chlorophylia

The data review for the016 impaired water listing showed Dead Pike Lake currently meeting the state
standard for chlorophyth (Chla) of 10 ng/L with an average of Ag/L and an upper 90 Cl d@fng/L. In 2017,
the Chl-a average@.35ng/L with a range between 1.58/L and 3.81g/L. Management actions implemented
to achievephosphorus diron water quality goals could possibly affecti@ke chlorophyll concentrations.
Although there is not a reductigoalfor chlorophylinow, the water quality goal for chlorophyll is to maintain
concentrationgqual to otess thard ng/L.

Secchi Disk

Thesummer average Secchi dishter claity goal for Dead Pike Lake i8.4 ftbased upon a Trophic Status
Index of 47 which is a24% increase in the average water clafigyn 2017 reading8Because Dead Pike Lake
is heavily stained by organic matymbined with ironimprovements in water clarity assoeitwith
reductions in phosphorus or chlorophydincentrationare expected to be minofhe reduction insubstances
that color the water such as orgamiatter(dissolved organic carbpDOC), iron and manganess expected to
improve water clarity bt it is difficult to predict.In the presence of organic carbaioniis associated with
decreasing the water clarityaloney, 2005while cations like calcium and magnesium incresater clarity
(Carpenter, 2017)During drought conditions Northern Wisconsin in 20052010,Dead Pike Lak&ecchi
disk averaged 12.2 fedikely reflecting a reduction in dissolved organic carbon and iron inputsdurface
water and groundwateDrought conditims result in reductions of both in surface water and ground water
inputs such thaall inputs are reduced. Since the stained color of Dead Pike Lake is a result of the DOC and
iron, the lower inputs of dissolved organic carbon that transports thedmrttie marsh (see Chapter 10) into
Dead Pike Lake likely caused the increased water cl@aypenter, 2017)Secchi disk measuremeratise
expectedo approach drought condition water claritied @ffeetwhen water qualitgoals for phosphorus and
especially iron are achieved

Trophic Status Indices (TSI)

Thegeneral assessmentophic Status Indices (TSI) water quality goal for Dead Pike Lake is equal to or less
than a TSI o7 equating to water quality rating gbod(WDNR, 2017b) The TSlthresholdof 47 is based

upon datom community information from reference lake sediment c&iese adequate sediment core data

from two-story lakes is not available, the'7Bercentile value for dgp seepage lakes was used for the threshold
between excellent and good conditiorhetotal phosphorus and chlorophyligeneral Trophic State Indices

are less than 4and meet the WisCALM goalUsing the last five years of data (2eA@&1L7), the Secchiisk

TSl is 49 and exceeds the threshold. The general assessment TSI water quality goal for Dead Pike Lake is to
maintain a TSI of 47 or less which is equal to a Secchi disk measurement of 8.40 feet.

2.3 ManagementActions

Thesources, transport and envirental effect®f excesphosphorusiron and manganese ireBdPike Lake
(DPL) and Powell Marsh State Wildlife Area (RSWA) arecomplex The management actions recommended
in this section are based upon water quality conceptual framework describegiarGlaad have been

deemed most likely to reduce the levels of phosphorus and iron/manganese in Dead Pike Lake.
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The recommended management actions described in this section include:

1 Reduce the groundwater inflow of iron goitbsphorus bysablisting a higher minimum lake
elevationby raisingthe bottom of the Dead Pike outlet stream channel byov4o 1 foot;

1 Treat phosphorus and iron flowing from Powell Marsh by creaingtland biofilter in the
Powell Marsh ditcheseaestto the lake;

f Construct alean watediversion from Stepping Stonmpoundmentisedto maintaina
minimumlake surface water elationwhen necessary;

1 Precipitate and sequester iron and phosphorus below the thermocline by applyitmgthe
lake aferreducing thesurface water and groundwateads

Given the complexity of the water quality issues at DPL and PMSWA, implemenfaltmms the principals of
adaptive management with staged implementation combined with evaluation monitoring andigeogress
management. The recommended management actions are also planned with an overall goal of reversibility.
That is, implement thimitial management action, monitor the results toward obtaining the water quality goal
and if the goal is not achieved, ireptent the secondore progressive management action. And if none of the
management action components are effective, reverse the acticestord to prananagement conditions

Raising the bottom of the outlet streagnone footandtreating70% of the iflowing iron and phosphorusom
Powell Marsharepredicted to reduce the Dead Pike lake iron lmad2% and the phosphorus lobg 65%
(Figurel). Raising the bottom of the outlet stream by Y% foot tagating50% of the infloving iron and
phosphorus from Powell Marsh are predicted to reduce the iron and phosphorus loads by 41% and 39%,
respectively.

Either of these combinedanagement actions are predicted to meet®¢ load reductiomwater quality goals

for phosphorusandthe inlake average iron concentration goal of 1.49 mdNithout a direct relationship

bet ween iron | oading and iron floc accumulation in
reduction in thegroundwateiron load will reduce iron floin the lake basiby the 50%goal.

Local, State and Federal authorization will be requireclfdhe proposed management actions and will be
pursued following the development of the conceptual plans and, when needed, fully engineered plans. Some
managemet actions are aligned with existing general permits such as ditch plugs as a wetland restoration
activity, while other management actions will require engineering plan development and submittal. The
adaptive management approach of step by step impletioenté the least costly and intensive management
action with active monitoring, also provides an opportunity for a comparable approach to permitting.

Preliminary cost estimate$dble2) are provided as a starting point and Wwél further refined with the
preparation of cong#ual design plans in 2018 .he collection of site specific information and conceptual plan
development for the recommended lake management actions will be completed with fundingealartpke
managemerplan grant awarded to the Town of Manitowish Waters.
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Predicted Load Reductions
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Figure 1. Predicted Iron and Phosphorus Reductions

Establishing a Minimum Dead Pike Lake Elevation

Applied Ecological Service@pfelbaum, 2018gstimate15,600kg/year of iron is delivered into Dead Pike
Lake via groundwater discharge with iron concentratabuteighttimesgreaterthan surface water
concentration$ ~30 mg/L compared t63.5mg/L. Maintaining a constant higher watevel in DPL increases
the hydraulic pressure on groundwater inflow and reduces the groundwatef keadormal lake water
elevationfluctuates between 1595.31 and 1596.31(faslt above sea level)ncreasing the minimum lake
elevation increasebe hydraulichead on the groundwatandreduces the seasonal influx of iron and other
constituents into the lake from groundwaiene GFlowmodel was used to evaluate the change in water budget
with a0.25-foot increase in théake level(Helmuth, 2017)
and showed a 5% reduction in groundwater infl@¥low
model errors were not acceptable at higher lake level
simulations.

The STELLAmodel wasalsoused tamodel reductiogin
groundwater inflow as a result of raising the bpttstream
elevation. Raising the elevation of the outlet channel by 1
foot, from 1594.4 to 1595 Wasmodeled to increase lake
levelsto a range from 1596.11 to 1597 fasl and reduce
groundwater inflow by 74% (from 1.96 cfs to 0.51 cf§he
differences in the water budget formulatidetweerthe

Photo2. Dead Pike outlet GFlow and STELLA model resultrediscussed further in
location of raising the bottom Chapter 4.

stream elevation.

The predictededuction in groundwater inflofvom
STELLA reducethe influx of ironrich groundwater into the lake I63% and reducephosgorus groundwater
loading by 48%Figurel). Raising the elevation of the outlet channel by ¥ foot, from 1594.4 to 1595.9 was
modeled to increase lake levelsatoange from 15938 to 1596.7%asl and reducegroundwater inflonby
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40% (from 1.96 cfs td.17cfs). This reduction in groundwater inflow reduties influx of ironrich
groundwater into the lake 186% and reducephosphorus groundwater loading 2¥p6 (Figurel).

Establishing the minimum laledevation can be accomplished by construction of a structure that raises the
bottom elevation of the outlet stream channel. An important desiggideratiorof this structurewhich may
simplify permitting is to notraise the lake elevation above th&abfished ordinarphigh-watermark (OHWM).
The regulatoryDHWM was desigated at siXocationson the lake basin propéiefferson, 201 7Ahat averaged
1597.35fasl; although the lake outlet and lake inlet cove had slightiyetctOHWNMs of 1596.0 and 1596.6,
respectively.

Initial plans are to install a temporary, reversible structure that raises the bottom stream elevatiderand

the river channdlo maintain thedischarge capacityf the outlet The temporary structureomld remainn

placefor 2-4 years while evaluation monitoring was conducted. After two years, the structure would either be
re-constructed aa permanent structure or removed depending on effectiveness of redutakg phosphorus

and ironconcentratiosandiron floc formation. The preliminary estimates for design and construction of a
structure to maintain minimum/lake elevation is $200,0035300,000.

Phosphorus and Iron Treatment System in Powell Marsh

Approximately6,200kg of iron and51 kgof phosphorus are delivered to Dead Pike Lake from the Powell
Marsh StataVildlife Area annually.The construction of a wetland biofilteyssemcouldreduce iron and
phosphorus loadsom PMSWADby 50% to 70%.Introducing wetland biofilters into backfilleditch systems
of PMSWA wouldreduce the amount of phosphorus ‘ T —
through biological uptake argtecipitation and reduce the

amount of iron and manganese through precipitation and

some biological uptakeThe proposed wetland biofilters
within the ditches ara modification of the proposed ditch
plugs in the PMSWA master pld#WDNR, 2016a) The
wetland biofilters would be combined withdalying
limestonebackfill that would seal the bottom of the ditches
disconnedhg the sufaceto-groundwater interactionThe
sealing serves to reduce the inflowiroin and manganese
rich groundwater entering the ditch@selmuth, 2017)
The wetland biofilters are estimatedremmovebetween
3,100 and 4,30@g/yr of iron and between 25 and 36 kgly
of phosphorus. i

Preliminary design plans backfdpproximately the lower
two-thirds of each ditch with limestone screenings, or
limestone rock, topped with a filter fabric followed by
installation ofsoil that is subequently planted with
biofilter wetland vegetatiorStaged implementation
begins with construction of the biofilters and backfilled
limestone within thexisting eastvest and nortfsouth ditches connected to the PMSWA Main Pool. If after
evaluation moniring, sufficient phosphorus, iron and manganese removal is not achieved, the channels will be
modified to increase thitow path lenghh andincreasedesidence time. If sufficient iron and phosphorus

removal is still not achieved, a larger wetland treathsystem with a series of treatment ponds aimhh f

polishing wetland biofiltewill be designed and constructeBreliminary sizing of the wetland complenges

from 1,500 feet ofn-channel biefilters to 25-40 acres with 2 feet of excavation, add®il amendments and a
possible outlet control structurelThe estimated costs for thedhannel wetland treatment system to

construction of a larger treatment wetland complex is $300,000 to $700,000.

o y -
Y AN Al 1% o il 7

Photo 3. Powell Marsh North-South ditch
flowing from the Main Pool Impoundment and
proposed location for sealing and biofiltration

Lime Application

Dead Pike Lake is a relatively sefater ecosystem with a modest amount of dissolved ionizing substances but
with a low conductivity due to the low amounts of calcium, magnesium and other alkalizing substances.
Dissolved ions in lakes tend to follow their position in the periodic taldetsir valence state. Monovalent
atoms with low atomic weights are less prone to react to form complex heavy moleculesatvian polyvalent
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atoms It is thedeficienciesof the alkalizing cations of calcium antagnesium that allow the heavier irand
manganese to remain soluble avith increased potentiaébxicity (Ludwig J. , 2017)With the smalll

concentrations of alkalizing cations, iron and manganese remain sotubleomplexes with dissolved organic

matter

Probably the single most beneficial chemical/environmental change that could be imptiseDesad Pike
Lakeecosystem is to increase the concentrations of these key alkalizing ¢atidwgg J. , 2017) Raising the
pH of DeadPike Lake will promote the formation of heavier complexed molecules and increase the efficiency
of iron and phosphorus settling. With the low conductivity and alkalinity of DP¢latively small addition of
dissolved bivalent catior(salcium and ragneium)wouldresult in arelativelyrapid increase in pH he

anions (C@2% + HCGOs) will complex with theiron floc to generate much larger molecules than the floc that is

now presentsettlingfaster andalling throughthe thermoclinénto the bottom sethents.Increasing the
amount of the alkalizing cations like calcium and magnesium will result in less soluble iron and manganese and

increase the precigition of these heavy metalslhese anions also will help complex the dissolved organics
and improvewater clarity and reduce iron and phosphorus transport

Even with load reductions, up to three lake volume flusfiieg6 year3 could be needed faolly purge the
lake basin of the elevated iron and phosphoilus onetime application of limewvilgui cken t he

response to load reductiobg precipitating the iron and phosphorus and dissolved organic carbon. The lime
treatment is not designed to be a lgagn control mechanism for iron and phosphorus. As the reduced levels
of iron, phosphorsiand dissolved organic carbon (i.e. humic acids) flow into Dead Pike Lake through surface

water and groundwater, the lake will slowly return toward historic pH levels

Based upon thBPL lake volumerough estimatefor theaddition of about 200 metrions of wellagitated

calcitic lime (80% CaCg) 20% MgCQ) will increase Ca levels to about 10 mg/L and Mg to about 1.4 mg/L

with a pH shift of about 0.6 0.8 units upwardsEstimated costs for the application of limesttm®PL were

converted fronl982costs provided by MenA.983)with a 20% contingency. The application of lime to Dead

Pike Lake estimated costngeis between $15,000 and $30,000.

Clean Water Diversion

Monitoring has documented lower iron and pifasrus concentration in the PMSWA Stepping Stone
impoundment, although the impoundment also has a lower pH which, combined with theheatistry is
thought to cause some potential toxicity isstetected through WET testinijonetheless, if the flowdm

PMSWA main ditchis reduced due to the construction of the wetland treatment system in the ditches, the
Stepping Stone impoundment would be a suitable source of water for a clean water dvigngiacement of

limestone osimilar materialsto adjus thepH and reduce toxicity To maintain a suitable water level in
Stepping Stone impoundment to avoid impacting the important habitat in the impoundmenthaldibtio
from the Little Trout mpoundmenbr another sourceay be requireé. Additional goundwater sampling and

flow hydraulics for the diversion channel/pipe is included in the work that will be done through the planning

ake

grant awarded to the Town. Preliminary estimates to construct the clean water diversion from Stepping Stone
creek is $60,000.

impoundmentino Pet eb s

Table 2. Preliminary Cost Estimates

Recommended Management Action

Location

Estimated Cost Range

Establish a minimum lake level

Lake Qutlet

$200,000- $300,000

In-channel/wetland biofilter

Marsh MainDitch

$300,000- $700,000

Clean water diversion Stepping Stone Impoundment | $60,000
Lime treatment Lake Basin $15,000- $30,000
Evaluation monitoring (3 yr total) Lake and Marsh Sites $15,000

Total Estimated Cost Range

$590,000- $1,105,000

From: Applied Ecological Services Report (Apfelbaum, 2018)

The costestimates will be further refined based upon the conceptual plans developed in 2018 and the
progressive stepwise approach to implementation witldmsidered The caceptual planfocus on théowest

cost, easily reversible actions as a startingtpdior example, the initial wetland treatment system could be

designed for construction within the existibgp006foot North-South ditch before treatment isstalled inthe
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1,000foot EastWest ditch. If treatment goals are achieved within the rewthh ditch, the costs would likely
be substantially less than $300,000. The development of the conceptual plans is planned for late summer, 2018
in partnership with local WNR resource managers.

Based upon the preliminary estimates, the unit cost of iron control by maintaining a minimum lake elevation is
about $9/kg and $100/kg to $160/kg to reduce with thewetland biofilter in Powell Marsh.Iron treatment

are mostommonly used to remove iron from metallic mining discharges and can range widely from $8/kg to
over $700/kgKirby, 2014)

Because the reduction goals for phosphorus tanggt33 kg compared to the iron reduction goatnafre than
26,000 kg, and management actions addressifaotland phosphorus at the same tithe cost per kg of
phosphorus control is high. The unit cost of phosphorus redusioraintainng a minimum lake elevation is
about $3,000/kgompared to betaen$12,000/kg to $20,000/kg to reduce phosphorus with the wetland
biofilter in Powell Marsh. Though the cost of phosphorus treatment increases dramatically as the targeted
concentration is reduceggportedcosts forconstructed wetland treatment is $20@ (Hamill, 2010)while

point source phosphorus controinshe range 0$660/kg ands20/kg for norpoint source phosphorus control
(WDNR, 2018c)

2.4 Funding Options

The type of funding soues and amounts of the allocation depend on the eligibility requirements for each
specific funding source. In addition, the budgetary needs for implementation of each management action also
guides the type of funding source. This management plan haptegamed to meet plan requirements for

likely funding options for implementatio 4ble3). WDNR surface water grants can fund lake management
activities prescribed in an approved lake management plan to a maximum of $200 0@)epeiWDNR,

2017a)and require a nestate matchFederal s. 319 Clean Water Act funding can be directly allocated to the
project by the State either through a grant or contraetdeer quality improvements with qualifying Nine-

Key Element Watershed Plans. TRM®DNR may allocate certain types of state funds or {tiassigh federal

monies to the project such as Genéhaipose Revenue (GPR) or Sport Fish Restoration (SFR). The state or
federal legislature could alttate funding for implementation through a budget resolution or special

appropriation bill. Other funding sources could include donations or grants from private foundations and
commercial businessconcerned with environmental restoration and protectiSnme funding sources like
theWDNR surface water grant program will pay for engineering costs and permitting and some funding sources
will only fund implementation activities and no engineering or planning costs.

The identifiation of potential fundingourcesincluding governmental ambrngovernmental sourcesd
private foundationgwill continueinto 2018. Applications for implementation funding will be assembled soon
after the conceptual plans are available with more precise cost estimatasstanaton.

Table 3. State and Federal Planning Requirements

Plan Type Plan Requirements Potential Funding Sources

WDNR Lake (WDNR, 2017a} Appendix C State surface water grant

Management Plan

Nine-Key Element Plan (WDNR, 2017a) Appendix D Federal 319 funding
https://www.epa.gov/nps

Environmental (WDNR, 2012} EAP Factsket Federal clean water act

Accountability Project funding

2.5 Evaluation Monitoring

Evaluation monitoring is key to understanding the effectiveness of management actions during and following
implementation Contingentupon available funds, evaluation monitoring will focus aa th

1 Direct measurements of the key water quality parameteligdingphosphorus, chlorophyll,
water clarityand iron combined with annual water budget @aic hypolimnetic oxygen
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1 Secondary biological indicators that respond to improvements in watey aad reductions in
iron floc such as aquatic plants, mussels and fisheries.

Water Budget Monitoring

Extensive inflow and outflow stream data was collected in 2017 and provided for the development of reliable
rating curves at both locatisfi.e. a weltdefined flow relationship based upon stream depth). In 20tt8ak
positioning system (e.g. Gowin TK&jll be used to established local bench marks in feet above sea level at the
inlet and outlet stream channealsd the lake basinThe local bench marksill provide the means to fimstall

staff gauges each year during open water conditions. The staff gauges will beynaadadnd existing rating
curvesused to translate the water depths ingtantaneouow. The lake basin staff gauge will redor

changes in lake storage to complete the information needed to calculate a basic annual watestaffdget

gauges will be read on a weekly basis and synchronized with the collection of phosphorusiandefohat a

basic level to compare concentoatiloads from year to yeaf.0 estimate annual loads, continued installation

of the HOBO units will be required

Water Quality

Total phosphorus antbtaliron will be collectedmonthlyfrom the lake inflow during the prescribed assessment
period in WisCALM (June through Septembemd thersynchronized wittstaff gauge readings at the inflow.
Using information from 2017 and other historic phosphorus and iron loading data, the annual loads for
phosphorus and iron will be calculated using measopet wateand estimatecte-coveredfiows.

Total phosphorus, chlorophyll, Secchi disk and total iron will be collected from the surface of Dead Pike Lake
at the deep hole monthly during the assessment period June through September. Sample collection will follow
standard volunteer monitorimotocoland be synchronized with collection of the inflow samples and staff

gauge readings.

Monitoring theoxygen in the hypolimnetic layer is an important factor for Dead Pike siakecontinuous
presencef oxygen at cooentration above gg/L in portions of the colder watéypolimnionis necessaryo
support a tory fishery. Temperature and oxygen profiles will be collected at least once during the late
summer to monitor the hypolimnetic oxygen concentrations.

Evaludion monitoring will be implemented to assess changegferakurface water quality associated with
implementation of specific management actions. For instancelkainity, transparency tubend key cations
like calcium and magnesium will be momiégd monthly in surface wateapstream and downstreamlivhe
applicationor in-place limestone structurasdbiofiltration systems

A pilot iron floc assessment projectdmposedor the summer of 2018 and if the methodology is found to be
valid, this monitoring will be continued monthly during teemmer monthsin 2017, theWVDNR developed a
periphyton assessment tool using density rating grid within a viewing bucket. This methcdaatype
transferable to a semuantifiable assessment toot foon floc/bacteria accumulations along the near shore of
DPL. The evaluationimonitoringwill follow the pilot viewing bucket assessment protocol for the collection of
iron floc/bacteria density rating dadaveloped in 2018

Secondary Biological Monitring

Implementation of the management actionstargetedo improvewater clarity and redudeon floc formation

which mayhavea secondary effect on certaintlake biological components such as aquatic plants, mussels and
the fisheries.Evaluationmonitoring should continue the point intercept aquatic plant community monitoring on
ab-yearcycle. A 2018ake widemusselkurveyis planned and continuedonitoringof the mussel community

will be onasimilar 5-yearschedule. Routine fisheries assemsnwill continue according to standard

schedules including spring fyke netting, fall eleettwveys and vertical gill netting for cisaad rainbow

smelt

Evaluation Monitoring Reporting

Evaluation monitoring efforts will likely be implemented &gveralifferent groups with different funding
sources. Volunteer monitoring will likely continue to be a stromgponenbf the monitoring as well as
WDNR core and specially tailored monitoring projectState and Federal funding and grantsyalso likely
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be used to fund evaluation monitoring. Reade monitoring data will be used as parttud plannecdaptive
management stefiasr the project. At a minimum, theuite of data allected Table4) will be collectively
evaluatedevery five yearsor more frequenthas part of lake management plan updates.

Table 4. Evaluation Monitoring Framework

Component Parameters Location Frequency
Water Budget Staff gauge readings Inflow, outflow and Weekly
lake basin
Surface Water Phosphorus, iron, chlorophyll, | Inflow and deep hole | Monthly
Secchi Disk etc.
Biological Aquatic Plant Lake basin Every 5 years
Mussels
Fisheries

2.6 Implementation Schedule

The completion of the Dead Pike Lake (DPL) Managementd&idmmodifcations to thdowell Marsh State
Wildlife Area (PMSWA) sets the foundation for implementation efake andvatershednanagement actions

to address water quality conceffigble5). The Town of Manitowish Waters and the DeddR.ake

Association in partnership with the WDNR have already received a lake planning grant to take the next step of
developing conceptual plaasd refined cost estimatés the recomranded lake management actions,

including 1) establising a minimumake level, 2)n-channel/wetlandiofiltration treatment system and 3) a

clean water diversignf needed The information generated by the lake grant will provide the information
necessary to pursue funding for final ersgiring and implementation. Horcal, state and federal regulatory
permits that require a lower level of review (e.g. general permits), the conceptual plans will be used as part of
permit applications. For more rigorously reviewed permits (e.g. individual permits), permit applicalions

have to include final engineering plariBhe lake planning grant work will start in February 2018 and be
completed by December 2018.

Table5. Dead Pike Lake Management Timeline

Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23

Powell Marsh Master Plan |

Lake Management Plan NN

Conceptual Plans [ ]
Final Engineering Plans ]
Identify Funding Sources |
Permitting [ ]
Implementation |
|

Evaluation Monitoring
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3 Background - DeadPike Lake and Powell Marsh

Wisconsin has over 15,000 lakes andst ofthose lakes (more than 80%te innorthern Wisconsin where the
recent glaciation created one of ttensestlusters of lakes anywhere in the wolS. Garn et al., 2003)

Dead Pike Lake was likely created a kettle outwash or ice block lake as the Wisconsin Valley and Ontonagon
Lobes of the Laurentide Ice Sheet receded about 18,000 yeal&&iNHS, 2013Attig, 1985) The glacial
depositdirectly adjacent to DeaRike Lake Figure3) commonly have depressions (kettles) that resulted from
melting of ice blocks buried during the deposition phase. Dead Pike Lake fits the description by 2@@2yk

of a protruding debrigich ice block and would be surrounded by silt and clay layers that creates a more
complex lakegroundwater system. The entirety of Powell Marsh was described as post glacial organic
sediment 1 meter to 5 meters thick underlain by flugkicial or lacustrine sedimef#ttig, 1985) While

lakes are abundant in the region, large, open peatlands, like Powell Marsh, are rare across northern Wisconsin
(WDNR, 2016)

3.1 Dead Pike Lake

The earliest map of Dead Pike leatnd Powell Marsfrom the original government survay 1860 (Figure4)
shows higher water levels amughly 30% more surface wateBetween the 1860 survey map and the &nst
photoavailable in 193{Figure5), the characteristics of the watershed changed substanfl&e/boundaries
of the bke were substantialleduced. In comparison withe outline of its currerghoreline, lhe large lobe
shown on the northern portion of the Lake in thgiogl survey was absent, as was the extensive bay at the
Lakebs nort heast outowardéhe coppler @dteppiriStorg Lakek the marsh, ater levels
were loweredagriculturalactivitieswere put in placée.g. ditching, filling and croppg) and a railroad line
crossed the complex diagonally, southwest to the nortf@ast 2011 WDNR, 2016a)

Dead Pike Lake iastratified, lowland, drainage lake with both surface water inflow and outflB®L has the
water clarity and nutrient levels ofn@esotrophic lake (i.e. medium range of nutrien®)e lakealso represents
adistinctnatural communitynd is classified as two-story fisheries lake which is defined in WisCALM
(WDNR, 2017b)as:

Two Story Fishery Lakets Two-story fishery lakes are often more than 50 feet deep and are always

stratified in the summer. They have the potential for an oxygenated hypolimnion during summer
stratification and therefore thegpential to support coldwater fish species in the hypolimnion. In order to

be included in this category, a |l ake should meet the
>3.8), be greater than five acres, and support a coldwater fishepp@ting a coldwater fishery may

either be demonstrated through documentation of a current or historical rnaildevater fishery (e.g.,

cisco, lake trout), or verification with DNR fisheries biologists that the lake is on atéongstocking plan

for cddwater species, where the individuals have good-yesear survival.

The uniqueness of Dead Pike Lake is represented by several factors. Its isolated location within the heavily
developed region of théhain provides a retreat from the congestion and/ded conditions of thilanitowish
Chainof Lakes Its pristine quality remains assured by sparse development and over 60% of its shore land
being held by the State of Wisconsin. It boasts a highly sifiest aquatigplant community with 50 species,

and noinvasie speciesT h e | heakilg forestecdurroundings arprotected by being included within the
Northern Highland American Legion State forest as well as its direct connection to the renowned Powell Marsh
State Wildlife Area.

3.2 Powell Marsh

The large area that is now Powell Marsh formed durinditee2,000 yearpost glacial period as ttgacial
retreated and the permafrost melted resulting in runoff and overland sediment defGaitsom, personal
communication, 2018)The progression of bog maturation or peatland formation is both episodic and spatially
complex andncludes botherrestrializatiorand paludificatior(lreland, 2013}hat started at least 4980 years

ago acrosthe Great Lakes region. Classic, undisturbed bog forma#aid have gradually resulted in filling

of the peland, accumulation of sphagnum moss and ultimately the formation of a raisddudegg J. F.,

1983) The rased bog would have functioned as an aquitaudi greatly restricted sub surface groundwater
interactions.
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In 1955, the Commissioner of Lands (by patent) granted and conveyed to the State of Wisconsin all of Sections
29,30,31,32, and 33 in the TownshipMénitowish Waters, County of Vilg®arr, 2011) This acquisition

resulted in the transfer of 3,125 acvgsch wouldultimatelybecome the Powelarsh StataVildlife Area

(PMSWA). PMSWA encompassek850acrearea boundedn three sides by the Northern Highland

American Legion State Forest and by the Lac du Flambeau Indian Reservation to the south.

Sometime prior to 193&@nd continually into the mid900s, the ditches were constructed to drairsdidor
agriculturalrow cropping In the 1950s, the Conservation Department expanded the existing dike and
impoundment infrastructure to include approximatedymilesof dikes and access roads anseries of

flowageswith 14 control structure@Barr, 2011) It encompasses a portion 02@ 000acrewetland complex

mostly owned and managed by the Lac du Flambeau Reservation. About 12,000 acres of the tribally owned
lands have leatherleaf bog habitat similar to lands on the State wildlifélaeeditch and impoundment
infrastructureon the marsh hasebn largely unchanged since 1%6@ept foroutineditch and ougt control
structure mairgrance(Woodford, 2017andis primarily an open peatland with several flowagadseepage

lakes The ditching cut through the bog aquitard and incrtseinterface betweagroundwaterand surface

water discharging to Dead Pike Lake. The construction of the impoundments created an additional hydraulic
head pressure on the grmwater entering the ditches. This increased connection and seasonally fluctuating
hydraulics,jncreases thdischarge of iron, phosphorus and dissolved organic carbon to Dead Pike Lake. This
parallels the work by Eld€¢2000)who found the low dissolved orgardarbonyields were attributed to the

lack of overland flow and very limited stream channel coverage in the catchment area the peatland adjacent to
Allequash Lake.

ThePowell Marsh State Wildlife Areaaster plarwas recently updatg@VDNR, 2016a)xnd highlightsnulti-
recreational and resource conservation purpo$esditional recreational activities inclutlerry picking
photographywaterfowl hunting and trapping along with himgt grouse and deer on the upland portions of the
property. Walking and biking on the berms are common activities and birders fiaquleatmarsh have
documented overl3 species of birdéEbird, 2018)

The important habitataluesare associated with the sepgrmanent water for waterfowl and seagjuatic

furbearers. The expansive opsater marshlandnd sedge meadowspport many species of greatest

conservation neeWDNR, 2016a) Notablyt hi s i ncl udes the yellow r-ail, L e
tailed sparrow and thdack tern.Large, open sedge meadows are preferred hdbtat Yel | ow Rai | ,
Sparrow and -thiledSpasrond s Shar p

4 Watershed and FlowCharacteristics

A common quote in | ake management is fAa | ake is a r
severak ey wat ershed characteristics that affect a | ake
landuse, and soil fertilityDifferent land uses in the watershed hthepotential to load different types and

amounts opollutant For exampleheavy metalgoxinsand nutrientare the maimpollutantsof concern from

urbanland usegSteuer, 1997¢ompaed to concerns of sediment and nutrigoitutantsfrom agricultural land

use(Corsi, 1997) Undistributed andatural forests and wetlands generally have the lopadkitantexport

rates(Liu, 2009) Howeverextensivedi t ches within a | akebs watershed a
groundwater flow and those exchangesspatially and temporally complddones P. a., 2015J)oneq2015)

found that groundwater flows toward and into the ditches during periods optat@itationbut when ditch

waters rise, the ditch water flows into the adjacent groundwateyducing araccordioneffect of groundwater

flowing into and out of t ditches.

Although, compared to lakes in other parts of Wisconsin with watersheds dominated by urban and or
agricultural landuse, Dead Pike Lake may appear to have a pristine, natural waterstoedhawatershed is
highly developed with dikes, dies and impoundmesit all of which affect the water budget aadded
additional iron and phosphorus loadtaghe lake.

4.1 Dead Pike Lake Watershed and Water Budget

Dead Pike Lake is located on the western border of Vilas County in North Central Wiscbhisittale is a
medium sized297-acrelake with 3.84 miles of shoreline. Dead Pike Lake has a maximum mappeatigpth
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feetand is classified as a twatory, mesotrophic lakeThe western, northern and eastern shorelines are
relatively shallow whileghe southern shoreline drops off quickly. ThereZarprivateresidenial riparian
parcelson the lake with approximately 60% of the shorepblicly owned by the State.

The watershed delineation for Dead Pike Lake used bothTthiéA (Purdue, 2016inapping function from the
Depart ment 6 s SuMWDER 2018)ladEAAL vappingvfanction withliDAR information

for Vilas County(Nelson, 2017) The toal watershed area of the lake is estimated to be approxin34él§
acreg(Figure6). Surface vater inputs are primarily from by the Powell Marsh to the south either through the
main inlet under PowedklothReasHgurerywith dpprocimagely 2,072 aceed s Cr e
contributingthrough these two lake inleténtermittentflow from Deerfoot Marsh to the north and from the

Stepping Stone chain of lakisthe easalso flow into Dead Re Lake, primaty in the spring and later fall

The most recentihd use informatiofrom Wiscland 2.QWDNR, 2016b)showthe dominant landisegTable
6) arewetlands 42%) and forest46%) and opn water {2%). The residential properties on the shores of Dead
Pike Lake maintain sufficient forest cover and Wisclalagsifiesghosenearshorareas as forest.

Table 6. Dead Pike Lake Watershed Land Use

Land use Area(acre s) %
Open Water 424 12%
Emergent/Wet Meadow 1046 30.2%
Lowland Scrub/Shrub 628 18.1%
Forested Wetland 379 10.9%
Mixed Deciduous/Coniferous Forest 362 10.5%
Coniferous Forest 300 8.6%
Broad -leaved Deciduous Forest 300 8.6%
Floating Aquatic Herbaceou s Vegetation 14 0.4%
Idle Grassland 12 0.3%
Cranberries 1 0.0%
Total 3466 100%

The development of the Dead Pike Lake water budget followed conventional methods which are based upon the
water budget equation:

Changel.ake Storage =
(Precipitation + Surface Water in + Groundwater iii)(Evaporation + Surface Water out + Groundwater out)

Net groundwater flow to the lake may be calculated as th
residual in the watelbudget equation, or determined by
using surface water and/or groundwatkavation data
nearbythe lake to develop a twdimensional groundvater £
flow model, such as GFLW (Haitjema, 1995) to the area |
(Garn, 2003) Several previoustudies have developed
water budgets for Dead Pike lake includihg USGS
(Krohelski, 2002and Barr(Barr, 2011) These two studies
arrived at much different water budgets for the I@kable
7).

Thereare severdlifferences and limétions associated with

each of the USGS and the Barr approaches. The USGS % N a
steadystate groundwater model f®w, (Haitjema, 1995) Photo4. Dead Pike Lake

that reflects longerm averages during baseflow condition: surface water elevations

The USGS used limited numbef surface water control dropped about a foot in 2017.
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points for calibrations anfhicusedmainly on groundwater elevations for calibrations. Whereas Barr measured
surface water flows and used net groundwater inflow to balance the water budget ed@etidractual flow
measuremetswere collected for a period of six months. Garrisswriewedbothreports and arrived at a
reasonable approach to resolving the differences in the two water b(@geison, 2012py increasing the

Barr surface watetdw by 40%. Garrison noted that the water budgets were developed for different years and
though not mentioned by Garrisaghe PMSWAbegandischarging a minimum flow of 1.2 cfs into Dead Pike
Lakein the summer of 2007Although USGS and Barr surface ematnd groundwater budgets were nearly
inverse, the average annual flows wigiey close

In 2017, similar aproaches were used to develpater budgetfor Dead kke Lake Applied Ecological

Services (AES) used surface water elevation and flow dédiected byWDNR staff to develop a water budget
based upon surface wat e r(Apfeloauns, 2048) AES Usadthe dymami® anodelibgs a p p
platform STELLA (ISEE, 2008})0 construct aransientwaterbudget witha daily time step. Inflows and

outflows were measured by the Department using HOBO pressure sensors installed at the inlet (Powell Road)
and outlet channel. The HOBO sensors recorded pressures every 15 minutes and watesl aalibran

atmospheric pressure sensor at the eahet converted to a water depthlow measurementsere collected
approximately every two weeks from ApttiroughSeptember at the inlet and outl&ES developed rating

curves using theneasuredlow valuesand water level dat@om the HOBOpressure sense(Figure8). The
equations in the rating curves were used to calculate daily average flows from the HOBO d&fithsethe

limited range of the meaa flows, the rating curves may be over estimating the flows at greater water depths.
Precipitation data was downloadiedm the Manitowish Riveweather sitendevaporation waestimated

(Helmuth, 2017) The AES transient ater budget showed a seasonal pattern of the surfaceamdter

groundwater contributions. the spring, when lake levels wdrigher, the groundwat contribution is non

existent As the lake level drops through the summer, the grounde@dibutionbecamea larger portion of

the water budggFigure9).

In addition WDNR Groundwater Water Use Sectistaff used surface water elevations collected by the

WDNR to develop a steaestate water budget usitégfFlow similar to USG$s approaciiHelmuth, 2017)
Watersurface elevations of selected nearby lakes and streams were collected witlT snRdéhematic

Global Positioning System (RF&PS) for calibration of th&Flow model. Surveyed elevatiohgave an

accuracy of about 0.1 ft and were calibrated to the Department of Transportation bench mark at the Manitowish
Waters airport. Basiow discharge measurements were also made at stream sites concurrently with the
elevation measuremenighe 2017GHow model differed from the 200&Flow model byseverafactors

including utilizationofa fil ake packageod t hat calibmtontotietinfloav atshe ihlet,b | e i 1
the outflow at Lost Creek and the DPL lake level rather than primarilyndwaiter elevationsDuring base

flow conditions in late August (i.e. steadtate conditions), the STELLA and t&&lowwater budgets were

similar using 2017 dat@able7) recognizing that th&Flow model represents lorgrm awrage base flow

condition and the STELLA model includes variations in surface flows including higher flow conditions

Table 7 Summary of Water Budgets for Dead Pike Lake

Water Budget Approach Surface Water Groundwater Annual Inflow Flow
GFlow USGSKrohelski, 2002) 23% 77% 4.3 cfs
Surface Water Based (Barr, 2011) 85% 15% 3.1cfs
Hybrid (Garrison, 2012) 67% 33% 4.3 cfs
GFlow (Helmuth, 2017) 43% 57% 3.5 cfs
Surface Water Based (Apfelbaum, 2018) | 58% 42% 4.9 cfs

Lake Elevation Factors

Thereds evidence that historically water | adels on
possibly marmadebarriersinstalled to hold the water levels higher on the outlet stream, Lost ChAsek.

recently as thé&all of 2018, beavers had constructed a new beavemddamstreanof the lake (John Hanson,

pers. comm.jhat affected late fall ater levels.Presently, the nearest marade feature ohost Creek, are two

culverts on Pier Lake road about 0.74 stream miles downstream from the lake. In 2002 the WDNR replaced a
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damaged and sloped upstre@@inch culvert with twod8-inch culverts providing a greater flow capacity.
WDNR collected structural and surface water elevations with a RTK unit in SeptemberT2@&lLtpof the
culvertswasat an elevation of approximately 1593.3 feet above sea level (fesbhottom of Lost Creek

stream btiom elevation at 1589.9 fasl and the elevatioRief Lake Roadcenter)wasat 1595.59 fasl. The
steady state Dead Pike Lake surface water elevation was at 1596.5. AES use®ASIEirologic model to
estimate the ability of the two new culvertytss a 10§ear flood flow andissess their potentieffects on

the elevation of the lake AES estimated, during the 1§@ar flood flow, Pier Lake Road would be overtopped
by approximately 4 inches of water. However, blocking the lower 3 feet ofithé&inch culverts raised the
water level over the road but did not affect the water surface elevation at Dead Pike Lake.

4.2 Powell Marsh Surface Water Flows

The Powell MarslIstate Wildlife Area (PMSWAJs located approximately 3 mileswigh of ManitowishWaters
in Vilas County, WisconsinThe state wildlife area includes about 4,850 aanekis part of a larger, 20,000
acre wetland complex mostly owned by the Lac du Flambeau ResenMB\WA extend$rom Highway 47
on the west, towell Road antanitowish Lakeon thenorthand south tad.ittle Trout Lake. The Marsh is
directly adjacent to Dead Pike Lake to the NoRRISWA does not have@edominantlysurface water inflow
(Figurel0). Historically, a surface water inflomonnection with Little Trout Lake to the south may have
existed, but thisonnection has been blocked. In the past, the cranberry opetraienpumped water from
Little Trout Lake onto their cranberry beds to irrigate and harvest andlibelmarged wat through the ditches
into Powell Marsh.However, h 2017, the cranberry operatggpumped water obtained from Little Trout Lake
back intothe lake.

There are three outlets ofrface water flowfrom the marsh.Most of the marsh drains into the Maio®l
which flows directly into Dead Pike Lake through the nextlith and eastest ditches. Surface water flow
from PMSWA can sometimes flow or be diverted toward $bathwestnto Sugarbush Creekontinuing
underHighway 47and emptying into the LittiBear River. Drainage from @mall portion of Powell Marston
the far west sidéabout 200 acredjypasse®ead Pike Lake andischarge directlyto Lost Creelafterflowing
underPowell RoadFigure?).

In 2007, eastvest Ditch(the primary ditch draining the Powell Marsh flowagesasdefined as a navigable
stream. On navigable streams, a minimum flow through water control strustueesiired and #t flow has
been estimated at 1.2 cfs by use @f Base Flow Index and a60cfsby use of théArea Weighted method
(SEH, 2007) Since 2007 a minimum flow of 1.2 cfs has been maintained by water discharge fidairihe
Pool Impoundment with a slotted control structieforethis, water management prarily entailed capturing
spring runoff to fill the pondthrough waterfowl seasandlate falldrawdowns for vegetation management.
Minimum flowsin the ditch were not historically maintain@BDNR, 2016a)

5 Surface Water Information/data

Chapter Five presents the surface and groundwater chemistry information collected primarilyiiti2@bvne
historiccomparisongor key water quality parameters like total phosphorus, iron and transpaisfatgr
chemistriesare presemd for the assessment pesalkfined in Wisconsin Consolidatégsessment andsting
Methodology(WisCALM,WDNR, 2017)for those parameters with listing criteria. Water chemisaita d
outside the assessment perliegresented ifiseful inmanagemerdiscussion of the water quality.

Water chemistry data is presentedtfmee similafunctionalgroups ofmonitoring sitesncluding1) Dead Pike
Lake deep hole and outlet, 2) Dead Pike Lake surface water isflokges and 3) Powell Marshaties. The
discussion of watechemistryrelationshipsand influence®n surface wateuses impairmentsenvironmental
impacts and potentigbxicity for Dead Pike Lake and Powell Marstcisvered inChapterO.

Surface water quality conces have been documented at Dead Pike Lake since 1978S3tdter\Water

Pollution Biologist, Larry Maltbey responded in writing to Mr. Loren Waltfout concerns of discolored water
at Dead Pike LakeSince that time, there has a tremendous amount of iniomwllected for the Dead Pike
Lake and Powell Marsh systerfver 20surface water monitoring stations have been established within the
Dead Pike Lake watershédigure11). Monitoring efforts have included surface water amougdwater

quality, flow, fisheries, aquatic plantsedinent cores and sedimentation rat€tizen monitors, Pete and
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Nancy Guzzetta, have been monitoring Secchigiste 199énd added total phosphorus and chlorophyll
monitoring in 2005.

In2017,thddepart ment 6s Bureau of Water Quality funded a
water chemistries, ambient whole effluent toxicity (WET) testing and flows. This project continued and

expanded a 2016 water quality monitoring project aneslly supported. Surface water chemistries and

physical parameters were planned for collection every two weeks, April through September from 10 sites
including the deep hole and outflow of Dead Pike Lake (DPL);imarmittentstream inflows (Deerfoot @ek

and Petebs Creek) and t he perakahdkalhflownBigurel?). Sadmple w di t
collection and instrument calibration followed standard Department prqifaiNR, 2015a) If flow was

present at the outlet control structure or in the stream channel, surface watevayesdmdlected and analyzed

for various parameters at the State Lab of Hygidiable8).

Table 8. Surface Water Quality Parameters

Surface Water Parameters

Total Phosphorus Total and Soluble Iron Total and Soluble Manganese Calcium
Magnesium Dissolved Organic Carbon | Hardness pH (field)
Conductivity (field) DissolvedOxygen(field) Transparency Tube (field) Flow (field)
Temperature (field) Chlorophyll aand Secchidepth at lake deep hole

5.1 Dead Pike Lake Secchi and Chlorophyih
Secchi Disk

Since Father Angelo Secchi, aM&@ntury Italian Jesuit priest and Papal scientist invented the Stsichihis
20-centimeter diameter black and white disk has been the standard for measuring water clarity in lakes. In
Wisconsin, citizen lake volunteers collected Secchi disk measurements from about 800 lakes and in recent
years, satellites collect watelarity samples on another 8,000 Wisconsin I{E#SC, 2018) Many different
factorscan directly affect the clarity of water including algae, suspended and dissolved material including
organic matter and tannic acids.

Secati disk measurements have been collected from Dead Pike Lake since 1996 by Pete and NancwaGuzzetta
leastfour times asummersupplemented by measurements collected by DepartmentAtaffage summer

Secchi disk ranged from a low in 2016 of 5.3 feed togh of 15.9 feet in 200Figure13). Historic Secchi

disk readingsneasured by Birge iAugust 1927 anduly 1928 were 7.7 feet and 11.5, respectively. Dead Pike
Lake Secchi diskeadings aréecidedly correlated with prgmtation Figure14). Secchi diskshow cleagr

water during the drought conditions from 2004 to 26@8 anaveragef 12.0 feet compared to 6.1 feet for the
recent normal precipitation years of 2013 to 28a4d in general, watelarity improveghroughouthe course

of the summer season.

Chlorophylta

Chlorophylla (Chl-a) is a photosynthetic pigment found in algae and other green plants. Typically sampled
from the surface wat eaiscomnonlyulsdas dmedsedas theddensitp of theoalgal, Ch
population whichaffectsthe water clarity. In Wisconsin, Ghalgreaterthanabout¥ 0 € g/ L i ndi cat e
conditions and greaterthani®0 e g/ L are usually considered to be a
(Robertson D. W., 2003WisCALM uses Chia for both 1) fish and aquatife use and 2) recreational use
impairmentthresholds The fish and aquatic life threshold fes@ryfisheries lake is less than h@/L. The

recreational use impairment threshold fest@ry fisheries lakes is less than 5% occurrence of nuiséyale a

blooms determined to Clal greater than 2@g/L. The assessment period for &hprescribed in Wis8LM is

July 18" through Sept 15with acceptable dataithin 1 week of each date.

Dead Pike lake haslang term Chia averagef 3.27ng/L while the 2017 averageas4.08ng/L mainly due to
a high September 2017 samfffiégure15) and meets the water quality threshagdecifiedin WisCALM. Chl-
a concentrations are slightly lower than expected given nutrient concentlikébnattributed to the colored
water due to organic acids. h&reas Secchi was strongly correlated with precipitatiora@itreased during
moderately wet conditions but then decreased during periods of high precidiagiore16). Although, these
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are relatively small changesdoncentrationduring period of wet conditions increased organic acids may
have resulted in darker water and less-&production

Trophic Status Indices

One method of classifying the water fyaor productivity of a lake is by computing watguality indices sut

as Trophic State Indices (T)JCarlson, 1977]Lillie, 1993). Oligotrophic lakes (TSlIs less than 40) typically

have a limitel supply of nutrients, clear water, low algal populations, low phosphorus concentrations, and the
deepest water in the lakypically contains oxygen throughout the year. Mesotrophic lakes (TSIs between 40

and 50) typically have a moderate supply of natdeare prone to moderate algal blooms,raagthave

occasional oxygen depletions at depth. Eutrophic lakes (TSls greater than 50) are nutrient rich with
correspondingly watequality problems, such as frequent seasonal algal blooms, oxygen depletieréeeper

areas of the lakes, and poor clarity. Lakes with TSIs greater than 60 are considered hypereutrophic and usually
have extensive algal blooms during sumifiawbertson D. W., 2003)

WisCALM (WDNR, 2017b)uses TSfor Secchi and Ckhdeveloped by Carlsofi977)andTSI Chia TSI
ranged narrowly between 41 and 47 from 2013 to 2016 and indieatetlentto Goodcondition. In 2017
monthlyaveragesvere40 (July), 36 (August) anBl0 (Septembenyvith an average ofG(Excellen}. Although,
Secchi disk annual averages span the same range of 38 to 53aa§&htince 2013 the average Secchi disk
TSI has been 50 to 53 and on the boarder of fair to poatittan level. For 2013i 2017, the TSIs for Secchi
disk and Chia are not well correlated with & Bf 0.23.

Although there is developed TSI for total phosphorus (TP), Wisconsin uses actual TP concentrations for water
guality assessmemgurposes. Howear, the comparison of the three different TSI is useful in evaluating if
transparency is affected by factathersthan nutrient and algal growth. The average TSI values for Dead Pike
Lake consistently show highereflucedwvater quality) for Secchi diskompared to Ckh and TP Figurel?).

The higher TSI for Secchi disk are associated with the stained color of the water associated with greater
concentrations of dissolved organic acids made darker by iron concentrations.

Table 9. TSI General Assessment Thresholds (WDNR, 2017hb)

Condition Level Chl-a and Secchi TSI
Excellent <43

Good 43 - 47

Fair 48 -52

Poor >53

5.2 Total Phosphorus

Maintaining a low algal biomass is critical irsory fisheriedakes where excessive algal biomass falling

through the water columeind subsequent decagn contribute to the oxygen demand in the

hypolimnion. Additional oxygen demand in the hypolimnioauld potentially cause anoxic conditions and
extirpate colewate species like ciscoMany factors affect the inteannual variability and lonterm changes

in the trophic state of lakes. One factor affecting lake productivity is the variability in the amount of nutrients
input from its watershed (external loadingh€eTeffects of nutrient loading are sufficiently understood that
empirical eutrophication models have been developed to predaddnotal phosphorus (TRpncentrations
chlorophylla concentrationsandwater clarity (Secchi depltirom lake morphomeyrand external water and

TP loading(Panuska, 2003Accordingly, the focus of this management plan is phosphorus which should be the
nutrient limiting algal growth that would contribute to addition oxygen demand in the hypatim

5.2.1 Dead Pike Lake Deep Holeand Outlet

Dead Pike Lake (DPL) is classified as a stratified,-snary fishery lakevith aWisCALM established

impairment criteria o5 ng/L total prosphorugWDNR, 2017b) Dead Pike LakevasaddedtoNi sconsi noé s
303d impaired waters list on Aprif12016 which was approved by the EPA August 29, ZWDNR, 2018b)

for total phosphorus (TPTheTP data used for the impairment listing was from the deepliaiigeen 2010
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and 2016 and included five years and 11 individual monthly valuesgréhd mean of the data was L
with a lower90% confidence interval of 1dg/L and an uppe90% confidence interval of tg/L TP.

The allowable date range for TP samples prescribed in WisCALM is Juheoligh Sept 15 The average
annualTP (June Ii Sept 30 data) at the dehole has ranged betwetne low and high readings &0 ng/L in
2003and 19.0mw/L in 2016, though onlpne or twosamples were available both of those y¢Brgure 18).

2017 TP at the deep hole showed relatively higher coratems in April and May with concentrations slowly
decreasing except for a clear peak concentratitete JungFigure19). Althoughthe average Ti 2017 was
belowthe level of impairment (14 ./%g/L) for June 1 thru Septerab3Q the upper 90% confidence interval was
15.7ng/L and still exceeded the by/L impairmentthresholds

Lake Response Modeling

Many different types of lake empirical eutrophication models are used to preldikeiphosphorus and
chlorophylla concentrations and water clarity (Secchi depth) from external phosphorus loading. These models
are based on data sets from widely differing loading rates and hydrologic conditions and are most useful in
comparing changes in phosphorus loading from foreostmanagement. The Wisconsin Lake Modeling Suite
(WILMS) model is a lake planning tool that is used to predict tHake water quality responses to changes in
internal and externabtal phosphorugTP) loading(Panuska, 2003)In thecaseof Dead Pike Lake, the lake
responsenodels in combination with the estimated groundwater and surface water iron and phosphorus loads,
contribute to selecting effective management actions.

Severalifferentapproachesvere used to estimated phosphorus load to Dead Pike Lakak]e10). Land

use data from Wisclan2l0 was used in WIiLMS to predict the annteahl phosphorus loading to Dead Pike
Lake with a likely annual load d54kg/year. Garrison estimated annual phosphorus load 220kg/year
which is within the predicted range of WiLMS D®3to 299 kgyear(Garrison, 2013) Theestimated water
budget developed in GFlofi#Helmuth, 2017Wwas alsaised to estimatanannual phosphorus load. Thel7
averager P inflow concentration from Powell Marsh @041mg/L was usedo calculate the surface water
load. Theestimated value of.076 mg/L for TP concentrationfn the groundwatewas used The Q076 mg/L

is the average of shallow groundwater samples collected in 2017 from arownduhd&erencef the lake.

Two of theshallow groundwater TP samphsgre significantly greater at 0.348 mg/L and 0.375 mg/L and were
not used in calculating the aage groundwater TP concentratidrecause the results seem very high and
outside the range of expected valu&be grounevater concentrationsed of 0.076 mg/is higher than the
0.017 mg/L used by Garrisém 2012,butwithin the range ofjroundwate P measured~0.131 mg/L)from
wetland dominatedub watershedsf Muskellunge Lake, Vila€ountyat w, (Dale Robertson, pers. comm.
2018). Wet (snow and rainfall) and dry depositionit arealphosphorus loading was taken from Muskellunge
lake study(Robertson D. W., 2003nd were relatidg smalli 13 kgyr precipitation and kg'yr dry

deposition.

Table 10. Dead Pike Lake Annual Phosphorus Load

Approach Methodology Estimated Load
kalyr

WILMS Basedon watershed land uses and typical P export coefficient | 154 most likely
103 to 299range

Garrison Based on 2008 Rnlet P load developed by Barr assuming this | 220

was 90% of the load with estimated P concentrations of 0.017
mg/L in groundwater and 0.093 mg/L in surface water
GFLOW Based uponthe water budget developed inGFlowwith 206
estimated P concentrationsof 0076 mg/L in groundwater and
0.041 mg/L in surface water

52.2 Lake Surface Water Inflow Sources

The primary Lake Inflow stream under PowrRbad (unnamed ditch) is classified asarm watersport fish
community while the twantermittents t r eams f |l owi ng i nto Dead Pi ke Lake
would likely be classified a®rage fish communitiesAll three of these streams wdthavethis sametotal

phosphorus water quality standard of 0.075 @IDNR, 2017b) All the 2017TP concentrations collected at
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the lake surface water inflow sources met the state TP water egiahiygardThe TP of the two intermittent

inflow streams, D e e rgénerally lonaemtltin tReecaneehtratiorcof teegokinsary lake a s

inflow from Powell MarshexceptfoPet e6s creek having a hikKdueZDP conceil
Deerfoot Marsh Creek TP ranged betw8edil0 mg/L and 0.0299mMg wi t h an average of 0.
Creek TP ranged between 0.0135 mg/L and 0.0369 mg/L with an average of 0.0243 mg/L. The lake inflow TP
was about twice as high with a range betwe82& mg/L and 0.0621 mg/L with an average (0.0406 mg/L)

about twice as high as tieermittentstreams.The primary lake inflow stream that flows under Powell Road

from PMSWA consists mainly of water discharged from the Main Pool with some seasondtdlovigista

Poolentering the EastVest ditch

523 Powell Marsh Ditches

The ditches on the PMSWA would likely be classified as limited forage fish communities and have a total
phosphorus water quality standard of 0.075 mgM/DNR, 2017b) Total phosphorus concentrations across
the marsharehighest in the upper reaches of the marsh discharging from the Little Trout Impoundment
beginningin June(Figure21). The TP concentrations decrease as sarfgater flovg north toward the lake
and are discharged from the Main Pool Impoundrmntthe NorthSouth ditch(Table11). The TP discharged
from the Main Pool is approximately the same as the TP measured at the lake infmviPawell Road, while
TP discharged from Vista, Goose Pen and Stepping Stone Impoundments is always loweatitae TRin
inflow. 2017 average TP ranged from a low of 0.0182 mg/L at Stepping Stone Impoundment to a high of
0.0593 mg/L at Little Troutmpoundment

Table 11. 2017 Total Phosphorusat Powell Marsh Ditches

Location 2017 Average TP (mg/L) TP Range (mg/L)
Little Trout Impoundment 0.0593 0.016570.112
Goose Pen Impoundment 0.0195 0.01287 0.0255
Stepping Stone Impoundment 0.0182 0.01117 0.0294
Main Pool Impoundment 0.0393 0.0216z7 0.0595
Vista Impoundment 0.0276 0.02047 0.0375
Lake Inflow 0.0406 0.02647 0.0621

5.3 Iron & Manganese

Iron sedimentary rock is wide spread in the general area of Dead Pike loakpthad western edge of Vilas

County and adjacent to Iron County from processes that started 1.9 billion yeaihadevel of iron and
manganese found in a stream or lake depends on its position in the landscape and watersheidtidsaracter

Since iran and manganese follow nearly the same chemistries, iron is used as representative for bothrelements
this lake management plan.

The presence and effects of iron in aquatic system varies seasonally based upon the physical, chemical and
biological proceses. Iron concentration and speciation in water is affected by many factors including redox
potential, light, pH, and dissolved organic mattitobilization and transport of iron in surface water is largely
controlled by organic matt€¥uori, 1995) As summarizedby Vuoir (1995) iron has both direct and indirect
effectsin riversecosystemincluding:

1 Direct precipitation onpand bindingof iron-hydroxidesto external gills and body sudes of
macroinvertebrates and encrustations internally on macroinvertebrate guts,

1 Secondary effects of reduced distribution, reproduction anliifigsuccess and behavior
avoidanceof iron-hydroxide suspensions,

Thereareno Wisconsinpromulgated surfaceater qualitycriteriafor iron although the U.S. EPA has
recommended quality criterion of 1.0 mg/for freshwater aquatic lIfeQUSEPA, 1988JUSEPA, 2004)
Severaktates have promuglatéebn criteria and most are comparable to the recommend EPA critdria of

mg/L (IDNR, 2005)but some are more restrictive while many states are like Wisconsin and have not adopted
water qualitycriteriafor iron or manganese
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Wisconsin has ngtromulged surface water qualityiteriafor manganese and the USEPA has not published
recommended freshwater aquatic life criteribdR 105 Adm. Code. provides for the calculation of secondary
acuteand chronic values when criteriarfametal, like manganese has not been promulgated. In 2015 and
based on updated information, the secondary acute value for manganese mgt 328l the secondary
chronic value was 29.12g/L (Yang, 2015) At least one state htaken a closer look at both iron and
manganese standards aleeloped recommendations to remtwe criteriafor both(NCDENR, 2015)

5.3.1 Dead Pike Lake Deep Holeand Outlet

DeadPike Lakeiron concentrationgt the deep hole ranged narrowltweernl.0 mg/L to 1.5 mg/lwith 2017
average of 1.21 mg/LThe lake outlet iron was equal to, or sometimes slightly greban the deep hole iron
with a 2017 average of 1.36 mg/L and a range from 1.12 mg/L to 1.72(Figlire22). Dissolved iron
showed the same pattern with deep hole dissolved iron ranging from 0.91 mg/L to 1.20 mg/L wétaga af
1.04. The lake outlet dissolved iron ranged from 0.91 mg/L to 1.43 mg/L with an average of 1.14 mg/L.

Thegreates017 deep holtotal manganese were in Apand November and were 6215/L and 34.91g/L,
respectivelywith anannual averagefd9.74 mg/L Between May and September 20t deep holéotal
manganese ranged narigwetween 8.42g/L and 15.3rg/L. Total manganese at the outlet varimdrein
comparison to the deep haléth a range frm 12.5ng/L to 62.1ng/L with an averagef 29.70ng/L.
Throughoutmost ofthe summer, June through Sapber, the outlet mangese was sstantially greater than
mangaese at the deep holeigure23). Dissolved manganese showed a sinpitern where the deep bol
ranged narrowly between 2.84/L and 4.48w/L with an average of 3.58/L while the outlet manganese
was substantially geger with a range between 6.8§/L and 38.00wy/L and an average of 16.58/L.

5.3.2 Lake Surface Water Inflow Sources

The total ironconcentrations of the surface water inflows to Dead Pike Lake ranged widely durin(F2fiké

24). Deerfoot Creek had the lowest iron concentrations in early spring ranging between 0.46 mg/L and 0.69
mg/L which increased to aarimum concentration &.72 mg/L in midJuly before the intermittent flow
stopped.Deerfoot Creek drainswetlandarea that is not ditched or flowed and is represewit@dn
concentrations discharged from a relatively undisturbed environment witleegea iron concentration of 1.49
mg/L.

Peteds Creek also started with relatively |l ow total
and 1.33 mg/L before increasing in June tiomwasbove 7
measured in June at 9.89 mg/L but even in August and September the concentrations were above 5 mg/L.
Peteds Creek source water comes from a water course
impoundment andisible groundwater discharge frometlands downgradient of the impoundment.

The perennial lake inflow from Powell Marsh hel averagéotal iron concentrationf 3.49mg/L. The lake
inflow iron varied seasonally beimglatively low in April and May (1.57 mg/L to 2.51 mg/L), with highe
values in June and July (4.32 mgd.5.36mg/L) and then falling to 2.01 mgih September but increasing in
November to 3.26 mg/IDissolved iron showed similar pattersall three sites with lowewoncentrationn
early spring and later summer arighhconcentrations in midummer. For example, at the primary lake
inflow, dissolved iron was below 1mMg/L in April and May; greater than2mg/L in June and July and then
dropping to less than 2.0 mg/L in August and September.

The total manganese camtrations of the surface water inflelvowed the same general pattern of lower

values during the spring months/Ayril and May; increasing caentrations in June and July with lower

concentrations in August and Septemlbagire25). Total manganese in Deerfoot Marsh Creek was generally

the highest whendlw occurred, ranging from 41@/L to 291.0ng/L with an average of 138rfig / L . Pet ed s
Creek showed slightly higher manganese concentrations than the primanfltakevith an average of 73.0

ng/L compared to 63.8y/L. Dissolvedmanganesshowed similar patterns at all three sites with lower

concentrationn early spring and later summer and high concentrations irsumuner. For example, at the

primary lake inflow, disswed manganese was below &/L in May; greater tha®s2 ng/L in June and July

and then dropping to less thd8ng/L in August and September
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5.3.3 Powell Marsh Ditches

Total iron concentrations in the Powell Marsh ditches showed similar seasonal patteenstiasrtburface

water sources to Dead Pike Lake. Concentrations were lower in the spring (April and May), increased in June
and July and then dropped off in August and Septefifligure26). Iron concentrations at Powell Roada(

primary lake inflow) were consistently greater than other sites on the marsh. Total iron concentrations from the
Main Pool matched the concentrations at lake inlet, but aresererage 35% lower (ranging from 13% to 56%
lower). Total iron at the Litle Trout Impoundment were lowest during the early spring and increased in late
July and early August to nearly as high as the lake inflowtofdliron concentrations droppexdf sharply in

August through SeptembeRissolved iron showed similar paths at alkix sites with lowerconcentratiornn

early spring and late summer and high concentrations irsomigmer. For example, at the Main Pool
Impoundment, dissolved iron was below 1.1 mg/L in April and May; greater than 1.4 mg/L in June and July and
then dropping to less than 1.0 mg/L by September.

Total manganese concentrations in the Powell Marsh ditches followed the same pattern as iron with lower
concentrations in early spring, increasing through June and July and then dropping off in Riggus2?). In

April and May, the Powell Marsh ditches had similar total manganesemiaton ranging between 4.49/L

and 25.1ng/L. Total manganese remained relatively low at Goose Pen and Vista Impoundments through July
when discharge frohetwo impoundments ceased. Total manganese increased dramatically in June and July
at the lake inflow under Powell Road twvgmaller increases observed at Main Pool and Little Trout
Impoundments. Although the lake inflow total manganese started to drop off in the first part of August, the total
manganese at the Main Pool and Little Trout Impoundments remained high throftigst reet of August and
droppedn mid-August. Dissolved manganese showed similar patterns at all six sites witlctmwentration

in early spring and late summer and high concentrations irsamaner. For example, at the Main Pool
Impoundment, disseéd manganese/as belowl3 ng/L in April and May, greater thai31 ng/L from mid-July

through midAugustwith a maximum of 65.4g/L and then dropping to less thaang/L by September.

5.4 Dissolved Organic Carbon

Dissolved organic carbon (DOC) is a measurieforganic molecules that pass through a 0.45 um filter and
affect physical, chemical and biological properties of lakes and strd2@(C increases with the proportion of
wetlands in the watershed, especially with organic soil wetlands or peatlangst pfsssummarized by
(Gergel, 1999and(Dillon, 1997) these affects include

1 Solar UV-B protection to aquatic microflora and fauna,

1 Depression of primary productivity and decreased lake tregzspa
1 Influence of aciebase chemistries affectimid and alkalinity

1 Complexes with many metals andtrients

DOC alsobindswith metal ions like iron, manganese and copper and is important in the asnbtr@lchemical
speciationbioavailabilityandtoxicity of metals in wate(Breault, 1996) Iron and manganese readily bind
with organic compounds due to their affinity for the organic ligands

DOCwas measured every two weeks from April through September and agalrianhfater inNovember

Samples were collected discharge points wittow and at the Dead Pike Lake deep hole. Dissolved organic

carbon was virtually the same and held consistent at the lake outlet and the deEgh@ed). The lake

outlet and the deep hole average DOC was 10.18 mg/L and 10.12 mg/L, respectively. Thiolakedd

ranged between 14.1 mg/L and 21.2 mg/L with an aver
intermittently, had a similar range of DO&hd an average of 17.3 mg/L. DOC in Deerfoot Marsh Creek

showed the highest levels of DOC with a maximum of 38.4 mg/L in July before the intermittent stream ceased

to flow.

DOC from about 50 Vilas county lakes show a county average DOC of 7.18nmb/k range of DOC from

lake deep hokfrom 2.59 mg/L to 16.5 mg/The DOC from the deep hole of Dead Pike Lake is higher than
the average county DOC adlthough DOC measurements from stream and ditches in Vilas county is limited,
the surface water entag Dead Pike Lake is high DOC compared tdhe county lake surface waters.
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5.5 Calcium, Magnesium and Hadness

Calcium and magnesium play various structural roles in plant cell membranes, contributes to oxalate
accumulation and regulates water transportebas metabolic processes in aquatic organism. The two
bivalent ions are also important in the regulation of pH, water hardness and alkalati¢y.hardness is
primarily the amount of calcium and magnesium, and to a lesser extent, iron in the watehaktness is
measured by adding up the concentrations of cal¢iLey magnesiunMg) and converting this value to an
equivalent concentration of calcium carbonate (CA@Ong/L of water. Water hardness in most groundwater
is naturally occurring fromveathering of limestone, sedimentary rock and calcium bearing minerals.

Calcium, magnesim and hardneswerefairly stableduringthe April to November monitoring period at the
Dead Pike Lake deep hole aatctheoutlet (Table12) and indicatesoft water (i.e.17 to ® mg/L as CaCeg).
Historical measurements lafw alkalinity in 1989 (38 mg/L) and 20Q25 mg/L) at the dep hole also show a
low acid neutralizinglfuffering capacity. Cation concentrations Dead Pikd_akeare slightly less thatine
average fonortheaster Wisconsin lakes, agescribed by Lillie and Masaii983) with softer water and lower
concentrations of most constituentsllie and Mason collected datfrom a radom set of 660 Wisconsin lakes,
243 of which were imorthernWisconsin. The average concentrations for the mastern Wisconsin Lakes
were10mg/L for calciumand 5 mg/L for magnesiusompared td.22mg/L Caand 2.05mg/L Mg,
respectivey, for Dead Pikd_ake.

Table 12. Key Divalent lons atDead Pike Lake Deep Hole and Outlet

Deep Hole Lake Outlet
(average/range) (average/range)
Calcium (mg/L) 8.22 8.08
7.6779.09 7.4078.76
Mg (mg/L) 2.05 2.03
1.9272.25 1.8472.29
Hardness (mg/L as CaC®) | 29.29 28.55
27.1731.9 26.1z731.1

Calcium and magnesium showed a distinct seasonal patt2d17 at the surface water inflows to Dead Pike

Lake including the primary lake inflow from PMSWA, Deerfoot Marsh Creekla Pet eb6s Cr eek. A
and magnesiuraoncentratioa werelow in April and gradually increased throughout the sumifRgu(e 29).

At the lake inflow calcium and magnesium concentrations incre@dett from April through September,

from 2.75 mg/L to 9.05 mg/L and 0.85 mg/L to 2.87 mg/L, respectivEhe same seasonal pattern was present

at the Little Trout Impoundment which had the highest concentration of both calcium and magnesium beginning
with April concentration®f 5.21 mg/L and 1.53 mg/L and increasing to August concentrations of 13.9 mg/L

and 4.61 mg/L, respectively. Other Powell Marsh ditches inidrmittentflow dischargesveremore stable.
ForinstanceVista Impoundment discharge varied from a low @91mg/L Ca to a high of 1.66 mg/L Ca.

56 pH

pH is a measuren alogarithmicscaleof t he wat er 6s acidity and affects
processedMany aquatic organisms prefer specific pH conditions and most survive well in pH ranges between
6.5 and 8.0Low pH can increase tH@oavailability of aquatic toxins like heavy metals such as copper, iron

and manganeséChanges in photosynthesis and source water (groundwater verses runoff) can result in pH
shifts in a lake or streariVi s ¢ 0 n s tate &ater impairment threshold for all classes of lakesrs and

streans is outside the range of 6.0 to 9.0 standard units ($MDNR, 2017b) The EPApublishedthe

recomnended water quality criteria betwettre rang of6.5 to 9.0 s.ulUSEPA, 1986)

In 2017, pH at Dead Pike Lake deep hole ranged between 7.3 s.u. and 7.91 s.u., while the lake outlet showed a
slightly greater range from 7.14 s.u. to 8.01 sloxlake pH readings constently reflected neutral to slightly
basic conditionsThe pH of the surface water inflow sources to Dead Pike Lake (i.e. Deerfoot Marsh Creek,

Peteds Creek and the Lake I nflow) as wel/l as the pH
neutrd and showed acidic conditiongigure30). The lowest average pH values, below 6 s.u., were observed
at Deerfoot Marsh Creek, Pet edbs Creek, Goose Pen In

Powell Marsh ditch siteall had average pH values above 6 s.u.
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5.7 Conductivity

Conductivity is a measure of the ability of water to pass an electrical current and is affected by the presence of
inorganic dissolved solids with negative or positive charges. Organic compoundslgeitenait conduct

electrical current very well and do not contribute to conductivity. The warmer the water, the higher the
conductivity so conductivity is typically reported as conductivity at 25 degrees Celsius.

Conductivity in streams and rivers is afied primarily by the geology of the area through which the water

flows. Streams that run through areas with granite bedrock tend to have lower conductivity because granite is
composed of more inert materials compared to streams that run through aredaywetils tend to have higher
conductivity because of the presence of materials that ionize when washed into the water. Ground water inflows
can have the same effects depending on the bedrock they flow ti{td&ERA, 2012)

Overall conductivities found in the Dead Pike Lake and Powell Marsh systenvevgriew to low Tablel13).

The twointermittents t r e a ms Deerf oot Marsh and Peteds creeks
mmhos/cm Vista, Goose Pen and Stepping Stone impoundments also had very low conductivities less than 20
nmmhos/cm. Little Trout Impoundment was the outlier with an average conductivityrahBés/cm.

Table 13. 2017 Average Conductivig (mmhos/cm)at Surface Water Monitoring Sites

Location 2017 Average Conductivity Conductivity Range
Little Trout Impoundment 86.00 27.007 207.90
Goose Pen Impoundment 15.48 13.70z17.40
Stepping Stone Impoundment 11.84 10.007 14.00
Main Pool Impou ndment 51.09 25.807 160.00
Vista Impoundment 12.05 9.90717.10
Deerfoot Marsh Creek 16.25 12.107 24.70
0AOABO #OAAE 17.28 2.20730.70
Lake Inflow 48.32 16.107 126.00
Deep Hole 61.67 58.107 67.00
Lake Outflow 61.65 57.407 67.00

5.8 Stream Transparency

Stream/ditch transparency was measured with a transparency tube capable of recording a maximum water
clarity of 120 cm. Different types of suspended and dissolved materials can affect the measured turbidity
includingsuspended and dissolved solidssdlved organic materials, algae atadritus Decreases in
transparency reduces the amount of light available to plants and animals and may represent an increase in
suspended or dissolved solids that can also impact aquatic organism. For instaeasedeénsparency can
make it difficultfor sightfeeding predators, such as bass and pike to feed

Several sites had transparemglge (TT)measurementsonsistently equal {@r greater than 120 ¢rimcluding

Vista Impoundment and the Lake Outfl¢hable14). Little Trout Impoundment also had high watkrity

with a range fr om 10 5hacdthadowest redo2i€d watenclaritf Foentoa duse 2&r e e k
and Deerfoot Marsh Creek had the second lowest TT of 45 chlpd 1, 2017.
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Table 14. 2017 Transparency Tube Measurements

Location 2017 Average Transparency (cm) | Transparency Range
Little Trout Impoundment 118 105-120

Goose Pen Impoundment 95 56-120

Stepping Stone Impoundment 108 75-120

Main Pool Impoundment 105 81-120

Vista Impoundment 120 120

Deerfoot Marsh Creek 95 45-120
0AOAG O #OAAE 79 26-120

Lake Inflow 89 55-120

Lake Outflow 120 120

6 Groundwater Quality Information

Groundwater inflows (groundwater dischartee lakes and streawften transport and deliver similar water
quality constituentso surface water, buioncentrationgind quanties can vary temporally and spatialboth
vertically and horizontally). Key groundwater constituents at Dead Pikedrakghosphoruand iron.

Previous studies have reported iron/anghosphorus groundwater concentratiahthis site and other areas of
northern WisconsiiKrohelski, 2002 Garrison, 2012, Graczyk et al., 206bertson et al., 20D3

In order to okain an idea of total iron and phosphorus samples in the shallow groundwater around the lake, a
groundwat er s a nborrowed fomithe USGS.e Thésippeaisinch diameter, 3 foot long

hollow teflon probe with a pointed end with slots exewd? inches above the pointhe probe is pushed into

the so0il1l6 cm to 30 cm deegnd a perisaltic pump is used to withdraw the interstitial shallow groundwater. Six
sample locations were identified around ¢ireumferencef the lake Five of thesedcaions were sampled on

August 23, 2017 and the site along the southern lake shoreline was not sampled because of the rocky nature of
the nearshore. Recognizitige small number of samples and thadundwater chemistries, especially shallow
groundwater,can change seasonally and be affdbly groundwater rechargte sipper results weresedto

inform the conceptal groundwater flow model anged in context with other available data

6.1 Iron

The highest and loweshallow total iron concentratiorfeom around the lakeircumferencaverefrom 0.39
mg/L along the westentralshoreand89.5 mg/L along the nortbentral shorelineRigure31). The other
samples from around the lake ranged between 7.7 mg/L and 27.8 BigAdved ironconcentrations
paralleled the total iron concentrations and ranged between 63% and 88% of the tofhisaange of iron is
consistent withvalues reported by Krohelski et £002)for dissolved iron ol9 mg/L to 68 mg/L.

6.2 Total Phosphorus

Total phosphorus sampled from shallow groundwater around the circumference of Dead Pike Lake was greatest
along the northern shoreline with values of 0.348 mg/L and 0.375 {Rgure32). Total phosphorus from

other shoreline sampling points ranged between 0.048 mg/L and 0.111 mg/L. Though the highest total
phosphorus values correspond with the highest iron concentrationghtoséghorus concentrations wéigher
thanothervalues reportetly Juckem(2014)and Robertsof2003)which werein the range of 01871 0.131

mg/L.

7 Aquatic Plants

With assistance from Dr. Susan Knight and Carol Warden froraMU&Vd i s o n 6 ke Sttiol, a pointL a
intercept aquatic plant survey was completed in July 2017 on Dead Pike Laksuriéwreplicated a 2008
survey completed by Dr. Knight and colleagues. A total number of 305 sampling points were visited and a
maximum rooting depthf®.0 feetwas establishednd a total of 41 species were collected at sampling points
while another $pecieavere visually observed for a total of 50 specil®. nonnativeaquatic plantsvere
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found in Dead Pike Lakand plant diversity was relativelygh throughout the lake. Many of the low growing
aquatic plants (e.g. Chara, slender naiad) in shallow zones in the south bay and northern shorelines were
covered withiron floc/iron bacteria depositsreflecting smilar conditions noted in 200@arr, 2011)

Some characteristics of the aquatic plasrthmunity did
change between the 2008 and 26aiAeys(Tablel15).
Most notable the maximum rooting depth decreased
from 16 to 9 feet and the averagember of species
collected at each sample point decreased fromtd.75
1.81 species/sampling poinThe shift in rooting depth
and # of species at each sampling point may be attrib
to the change in water clarity during the period of eac
survey. Tle average Secchi disk for the period of 200¢
to 2008 was 12.5 feet compared to 6.24 feet for the
period of 2015 to 2017Severakpecies showed a highe
frequency of occurrence at vegetative sample points
during the clearer water phase in 2008 includinmge Photo5. Iron floc accumulation on

pondweed species, northern milfoil and common submerged Chara

waterweed. Large purple bladderwort was not observed

during the 2008 survey and wie 3" mostcommonplant found in 2017. There were 8 aquatic plant species
recorded in 2008 that were not observeddd7 and 12 species recorded in 2017 that were not observed in
2008. Most of these species had a frequency of occurrence less than one gnestved®r absence simply
associated with samplingethodology.Overall, thespecies richness, diversity gxdand the floristic quality
index changed little and continued to reflect a highly diverse, healthy aquatic plant commitimibhye

presence of two species of special concern, small
Table 15. Comparison of 2008 and 2017 Aquatic Plant Survey Metrics
2008 2017
Species Richness 41 41
Maximum Rooting Depth 16 feet® 9 feet®)
Simpson Diversity Index 0.92 0.91
# Species per Sampling Point 2.75 1.81
Frequency of Occurrence 74.62 ) 83.2
Floristic Quality Index (Nichols, 1999) 47.2 44.68
Five Most Common Species Chara Chara
Variable pondweed Variable pondweed
Slender naiad Slendernaiad
Large-leaf pondweed Large purple bladderwort
Common waterweed Brown-fruited rush
(1) Outlier data points dropped for 22 feet in 2008 and 18 feet in 2017
(2) Calculated with a maximum depth of 22 feet

8 Fisheries

The most recent comprehensive fishery suredy3ead Pike Lake were conducted in 2@@Gibert S. , 2016)

and 2005§WDNR, 2011) both consisted of fyke netting and electrofishifige 2015 population estimate found
0.6 adult walleyes per acre; a decrease from the 2005 estimate of 1.3 walleyes péorbeen pike,

largemouth and smallmouth bass walsotargeted for sampling and 34, 30 and 39 of each species were
recorded, respectively. The average length of the northern pike was reported as poor and only 13% of the
largemouth bass and 10% of the smadlutih bass were greater than 14 inches. Five adult muskellunge, 3 of
them over 40 inches, were incidentally captured during the survey. The survey also targeted panfish and
characterized the population as low density that lacks numbers of quality slze@®ther species were
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collected at low numbers including golden shiner, grass pickerel, logperch, mottled sculpin, pumpkinseed, rock
bass, white sucker and yellow bullhead.

Dead Pike Lake walleye population is sustained through stocking. ThougtPiBeddake has been stocked

with walleyes going back to 19%Barr, 2011) the lake has not establishedaturallyreproducing walleye
population and theries no evidence that an abundant walleye fishery ever existed in DeddaRe (Gilbert S.

, 2017) From 2002 to 2006 WDNR fisheries biannually stocked an average of 17,470 small fingerling
walleyes. From 2008 to 20MIDNR stocked an average of 3,474 large fingerling walleyes. With the steep
rocky shorelines along the southern half of the lake and well oxygenated water column and healthy aquatic
plant community, there is ample fisheries habitat present in Dead Pike Lake. A couple of factors have been
hypothesized to limit the walleye recruitmemDead Pike Lake including the presence of iron floc and the
impact of exotic rainbow smelt that have been present in the system since 1990 o(Bszar|i@011)

Dead Pike Lake has the physical characteristics suffitiesupport a twestory fishery Dead Pike Lake was
sampled focoldwater speciesf fish in 2009 and 2013 with standardized vertical gill net surfleysns,

2015) Two ciscos were collected in 2009 and none were collat2@il3 with 2 nights of netting effort.
Ninety-nine rainbow smelfan invasive fish that has been documented to decrease walleye recruiterent)
collected in 2009 and two were reported in 2013. Although standard protocols were used during both sampling
events, the nets used in 2009 had finer netting, less visible to fish that likely contributed to a lower catch rate.

In 2015 the EastWest ditch below the Vista Impoundment was surveyed by WDNR using a stream shocker. A
30-meter section of the ditch waampled in 15 minuteEightspeciesvere collectedotaling 83individuals

including brook stickleback, black bullhead, yellow perch, brassy minnow, finescale dace, northern red bellied
dace, white sucker and lowa darfBne sample size and survey lémgvas not sufficient to calculate an index

of biological integrity for the ditch.

9 Recreational Uses

At 297 acres in size, Dead Pike Lake encourages small lake activities. Kayaking regularly draws transient
participation as well as affording residents ¢éimgoyment of a quiet, pristine paddfuch activity is enhanced

by the lack of mechanized recreation, such as water skiing apdetbencef wave runners. This has also
encouraged wind surfing and some sail boating with one period during which thierloursail boats moored

at separate docks during the summer months.

The main activity is fishing. The | akebs fishery a
productivity confirmed by experiences from the fiid® 0 0 6 s . An stoxicalmqudustofas t he hi
Frenchman named Goodreaux living at the southwest corner of the lake who based his livelihood on a livery of
10 fishing boats. Guides from that era also report
took advantag of.

Waterfow! hunting is limited, although large flocks of divers, especially Ring Bills, tend during migration to
gather sporadically in the large outlet bay and feed on the ample supply of aquatic vegetation. Geese and
mallards routinely nest on thake but seldom in numbers necessary for hunting. Bird watching, while not a
concentrated activity, is often rewarded with multiple sightings, especially loon and shorebirds. Coupled with
the occasinal presence of swan, sandhithne and an occasiorlakeside turkey, bird watchers might well be
defined as a recreational group.

The need for lake ordinances is rexistentat this time The outboard sizesed byresidents is reasonable and
except for an occasional inner tube drag, with a grandchitmhinthere is little mechanized boating. The boat
launch, while somewhat difficult to manage, is sufficient and in keeping with the type of watercraft the lake can
accommodate, i.e. it is shallow and offers limited parking space. It reflects the ahanddtee quality of the

lake and dictates to some extent, the usage it can accept.
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10 Water Quality Discussion

Chapter 1Mrings together the surface water flow information described in Chapter 4 and the water monitoring
data described in Chapter 5 agplansthe iron and phosphorus dynamics for the Dead Pike Lake and Powell

Marsh State Wildlife Area systenfis stated previously, since iron and manganese follow nearly the same
chemistries, iron is used as representative for both elemEmnésmportantiron and phosphorus dynamics

described in this Chapter include:

T Iron and phosphorus enter the lake through both surface water and groundwater flow.

1 Iron export from Powell Marsh has been influenced by the construction of the ditches.

1 Iron/lron floc is preseat concentrations to have negative environmental impacts

10.1 Phosphorus SourcesTransport and Loading

Phosphorus is delivered into Dead Pike Lake through both groundwater and surface water discharges from

Powel |

Mar s h,

Pet ebds

C rwithestnalleax anmtbunid froenrwét anal tigpbsdions h

Creek

As discussed in Sectidn2 severaimethods were used to estimate the proportion of phosphorus delivered from

each of thessourceqTable10). The CanfieldBackman natural laksub-modelin WILMS (Panuska, 2003)
best predicted water responses to phosphorus lo&alimpad Pike Lake The backcalculation module in
WILMS (Appendix 2)predicteda 16%reduction inphosphorus loatequired to meet theater quality goal of

15 ng/L during thegrowing seasanUsing he phosphorus load predicted ®ilow of 206 kg/yr,a 16%

reductiongoal is173 kg¥r. Assuming no reduction in wet and dry phosphorus depositiergroundwater and

surface water loads Horequire @8% reduction to achiewbe 173 kg/yi(Table16).

Table 16. Estimated Phosphorus Loading and Reduction Goals

Phosphorus Source Existing Load (kg /yr) Goal Load (kg/yr) Percent Reduction
Groundwater 136 112 18%

Surface water 51 42 18%

Precipitation 13 13 0%

Dry Deposition 5 5 0%

Total 206 173 16%

With the elevated dissolved organic carbon in the PMSWA ditches, phosphorus transport is facilitaged by

dissolvedorganic carbomand thecapacity to bind phosphorusthe presence of ferric irgdones R. K., 1988)
(Dillon, 1997) Dillon (1997)reported remarkably consistent TP/DOC ratios betwied to 2.0 mg P/g DOC
in 20 watersheds in central Ontario. The 2017 TP/DOC ratio in Dead Pike Lake averaged P/ m@C

compared to 2.38 mg P/g DOC average observed at the inflow to Dead Pike Lake. On average, the DOC
coming from Powell Marsh is asciated with about 35% more phosphorus than observed in thellage.

reductionin the TRPDOC ratioin the lakemay be related to the oxidationioén and phosphorusomplexed
with DOC as water iflushedout d the marsh and into the well oxygenatedinwith the longer residency

time

Management actions for the reduction of phosphorus focus on 1) reducing the water budget component of
groundwater inflow, 2) reducing the ability of DOC to transport phosphorus and 3) the removal of phosphorus

through Iological uptake.

10.2 Iron Sources, Transportand Loading

The interaction of groundwater and surface water and organic matterrphagortant role in the release and
transport of iron (and manganese) into Dead Pike L@ke. glacial tillnearDead Pike Lak is laden with iron
and manganeg@pfelbaum, 2018) An early ditch network constructed in the PMSWAi&ble in the 1937

air photo of the marsh with the ditch network fully developed by thel®&fs including approximated

miles of ditches antbughly230acres of open water impoundme(iidDNR, 2016a) The extensive series of

ditchespenet r at e d -aguitardincreagirdy she somrnatition between precipitation and groundwater
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andincreasd the groundwater and surface water interface within the ditches themsaik8salsoconfirmed
the dike and levee road system of PMSWA contained a substantial component of taconite coggddamn
ore) that provides another likely sourcdroh and manganese. The groundwater moving through the subgrade
of the roadanddischarging into the deeply dug ditch side slopes and ditch bottoms are the main sources of iron

in PMSWA (Apfelbaum, 2018) Attributing increase iron to the flowages and ditches is consistent with the

work by Roesler(2016)that attributed increased iron release from the flowages and ditches at Crex Meadow
Wildlife Area in Burnett County, Wisconsin.

Near largewetland complexes like PMSWAraundwater igypically anoxic angrovidesa chemically
reduced environment. As the groundwaiasss through the glacial substrate it picksironand manganese

andis dischargd into oxygenated PMSWA ditchesioh woul normally precipitateout in a matter of minutes

in the presence of oxygemowever dissolvedron binds rapidly to the ligands dissolved organimatter
forming a strong complex thatows theoxidation of the iror(Theis, 1974) The iron andlissolved organic
carboncompleresare transported in the flowing wai@illon, 1997)from the PMSWA ditch network aridto
Dead Pike Lake A portion of the groundwater iron is also transfedhintoanoxyhydroxide floc as it enters
the ditch systems arekported via the surface water floimséo Dead Pike LakéApfelbaum, 2018) In the
presence of well oxygenated lake water, the oxidation reaction eventually break3Gtigéndbonds and
iron Fe'2is converted into the solid and floc foing iron oxyhydroxide and F&(Krabbenhoft, 2018)

As Kreitlow properly suggestdikreitlow, 2007) soluble iron is precipitad in the Powell Marsh ditches and
transported as visible floc into Dead Pike Lakeeitlow found the iron concentrations, formation of floc and

reducedwvater claritywas correlated to thresidenceaime in the ditchesind a continuous flow improved the
aesthetic appearance of the ditch water flowing into Dead Pike Lake. However, even in flowing water, the
surface water chemistry results in the formation of soluble iron/DOC complexes that are transported into Dead
Pike Lake from Powell Marsh in the abse of visible floc With a Dead Pike Lake residence time of 1.8
the iron is wultimatebagn oxi di zed and nafl

year s,

ocked

The other source and transport of metals into Dead Pike Lake occurs with the discharge of iron and manganese
rich groundwater directly into the lake basin. Known groundwater iron concentrations range d€wegh

and near 90 mg/L with a typicambientconcentration of 280 mg/L. The differences between the AES and
Helmuth 2017 water budget for Dead Pike Lakeehlbeen described iretion4.1and both methods estimate

the groundwater discharge into Dead Pike Lakbhéasnajor source of iron to the lak&dble17). Both iron
budgets assume thait the solulte iron is readily transported in the anoxic groundwater into Dead Pike Lake
where the iron is either oxidized, complexed with dissolved organic carbon or biological utilized.

Table 17. Estimated Iron Loading to Dead Pike Lake

Approach | Methodology Groundwater (GW) and | Estimated
Surface Water (SW) % Load
Garrison Based on 2008 Fe concentrations of 4 mg/L GWz 43% 41,382 kglyr
baseflow and 10 mg/L spring runoff and 25 mg/L| SWz 57 %
Fe in groundwater.
STELLA Based upon the STHLA water budget and using | GW- 86% 53220 kglyr
2017 bi-weekly measuredinflow concentrations | SW- 14%
and an averagegroundwater concentration of 30
mg/L.
GFLOW Based upon the water budget developed in GWz 92% 57,943 kglyr
GFlowusing an average 080 mg/L in SWz 8%
groundwater and 3.49 mg/L in surface water

10.3 Iron and Iron Floc E nvironmental and Recreationl mpacts

This section evaluates the potential toxicity effects of iron and manganese in Dead Pike Lake and Powell
Marsh. The effects of the metdh both the water colunand in benthic floc deposits aggaluated based
upon WholeEffluent Toxicity (WET) testing and literature reviews.

Assessindhe ecological impacts of toxic factors in lake ecosystems is a daunting task owing to the number of
variableghat influence survival and reproduction of aquatic spediég temporal fluctuations of the variables
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and differing life cycle of aquatic species add another layer of complication in evaluating toXiGgy of the

more important interactg variablesaffectingactualtoxic conditions in freshwater lakes are found able18.
Although this section focuses on the toxicity and recreational impacts of iron and iron floc, manganese is likely
another compound with partial toxicity impacts at DPL and PMSWAL.ike other portions of the lake

management plan, this discussion focuses onastime critical metal of concern.

Table 18. Significant Variables and General Effects in Aquatic Dxicology

Variable General Effect Factors that Exacerbate Toxic Effects

Dissolved Oxygen Essentialsubstrate pH, conductivity, oxygendemand, metals, additive to
many toxins.

Conductivity Measureof all ions pH, alkalinity, Hion, metals.

Redox Potential Influences all ions pH, precipitation, mobilization or use of metals,
nutrient anions as Q source.

Ammonia Toxic to many species Generated under anoxic conditions from
nitrate/nitrate or organic N sources.

Sulfates Non-toxic until reduced | H2S or S releasednder anoxic conditions.

Alkalinity Buffers pH changes Participates in precipitation of metals

Nitrite/nitrate Limiting nutrient Plant-available forms of nitrogen

Soluble organics Sources of biological Demands 02, can precipitate or buffepH

oxygen demand

Particulate Sources of biological Demands 02, can precipitate or settle out.

organics oxygen demand

Metal ions Highly variable Toxicity will depend on valence, position, and
presence or absence of other metals.

From (Ludwig J. , 2017)

Benthic Iron Floc Toxicity and Recreational Impacts

Vuori (1995)summarized the effects of iron precipitates on survival, reproduction and behavior of aquatic
species. The effects include clogging ofcnmnvertebrate and fish gills, behavioral avoidance by fish,
decreasing hatching success, suffocation of fisheaglyyyosand the alteration of benthic habitats. Addition
work cited by Vuori suggest the combined direct and indirect effects of iron arghmese concentrations and
blooms of iron bacteria (i.&eptothix ochraceareduces diversity and density of lotic invertebrates and
diatoms.

Burrowing invertebrates and othgpecieghat live in closeontact with sedimentsao have heavyapositions
of iron oxides on their outer body surfacé&xposure tmther metals absorbed onto the iron oxides may
increasewith iron oxides encrustationgAlthough no testing was available to assess the direct and indirect
biological effects of iron floc in Deadk® Lake, thewvell-establishedbody of literaturesupports theonclusion
that environmental impacts are present.

The heavybuildupof iron floc along the developed shoreline of Dead Pike Lake also i=thécaesthetigalue
andlikely the marketvalueof the shoreline propertieSheability of the lake residents to comfortably use the
lake forswimming and otherecreatioris also diminished Many studiescross the countiyave associated
lower property values with reduced water quaktyecificallywater clarity(MDEP, 2016)Krysel, 2003)
Recently Kemp2016)estimated &-foot improvement in water clarity produces-d8&%increase in the
market price ofiparian properties.

Water Column Iron and Manganese Toxicity

As mentioned abovehé bioavailability of metals (i.e., the amount of metal that is available for uptake by
organismsithin surface wateis highly dependent on several factors. For examgssolved organic carbon
(DOC) in the water bindwith metalslike Fe andcations (such as calcium) compete with metals for uptake by
an organism, andothpH and alkalinity afct metalspeciationFor metak like copperand iron bioavailability

is greatest in waters withwwDOC, low hardness, and low pH abidavailability generally decreases as any
one of the parameters increaselardness has beenplicitly used in assessing metabavailabilityfor some
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time and more recently the EPA is usiorgdeveloping biotic ligand models (BLM) to more accurately predict
the ambient water chemistry on metal bioavailab{(id$sEPA, 2016) Unfortunately, there are not BLMs
developed for iron or mangandseprovide a thorougassessment bifoavailabilityand toxicity based upon
thesite-specificwater chemistries at DPL and PMSWA.

The2017 whole effluent toxicity (WET) testing results from Dead Pike Lake did not show any significant acute
or chronic effects with ambient inacanging between 1.02 mg/L and 5.28 mg/L ar@hganese ranging

between 8.429/L and 114.Gwg/L. Even with no significant toxicity present, the WET testing should be
interpreted with cautigrgiven the relatively insensitive species used and with labrEHoxygen

concentrations held constant according to WET procedluekvig J. , 2017) Although other studies have

shown that fathead minnows have some of the lowest species mean chroni¢Gadimess, 2018)Manganese
concentrations were well below the secondary acute values but were often found above the secondary chronic
values calculated by Yar{@015)

As mentioned previously, a number of stdtB8\R, 2005) CanaddPhippen, 2008and the EPA water quality
Ar ed (WIECA DI88yecommendh water quality standard of 1.0 mg/L for iron to protect fish and aquatic
life. CadmuqCadmus, 2018)cently conducted several chronic laboratory studies and used previously
published toxicity data to derive a final chronic iron concentration value of 0.499 mg/L.

On the other handNorth Carolinaemoved the water quality standard recognizing the ameliorating dffatts
alkalinity, pH, temperature and ligands have on iron toxicity and observed healthy fish faungresémeef

10 mg/L and greatdNCDENR, 2015) Although the specific toxicity mitigation effects of DOC ligand
binding with iron and manganese at DPL cannot be explicitly calculated, the literature does provide some
general information Similar results were reportdyy (Loeffelman)where surface waters with irtretween 10
and 15 mg/L and pH above 6 and oxygen above 5 mg/L did not show toxic effebsnge species
compositionwithin streamgLoeffelman, 1985)

Roesler et al(2016)studied the environmental impacts of high iron downstream from flowages and ditches at
Crex Meadows Wildlife Area in Burnett County, WI and concluded:

f Trout are no longer present in Hay Creek due to increased iron tyrbidi

1 Fish species in the greatest abundance occurring in streams with high iron appear to be adapted
to stream conditions resulting from high iron.

1 Macroinvertebrate communities in streams with high iron show indications of poorer quality
with fewer mayflies, stoneflies and caddisflies.

The literaturerevie, e s peci al | necergwovkeisiat sGraedeneli & @dds with the WET test results

and recent efforts of some states to remove the surface water criteria for iron and manganese. These differences
are not surprising given the complexity of iron and manganese chemistry and the fluctuation of environmental
conditions that affect their toxicity (i.dissolved organic carbopH, redoxpotential, hardness, etc.). Couple

these factors withthe widenege of sensitivities among the biota an
to make a definitive statement that the surface veatiermnof Dead Pike Lake is toxio the native species

Overall, he available data and literature suppoettbnclusion that iron concentratiansDead Pike Lake and
Powell Marshhave the potential to have toxic effe@specially for benthic organisrtike musselsor
macronvertebrates ancertainfish life stages that use bottom substraiédse heavy form#on of iron floc

along the shorelines also redatiee visual aesthetics of the lake and interfere with recreational activities such
as swimming.

10.4 Environmental and Recreational Impacts

This section provides assessmemtf the direct and secondary ingta of the recommended lake management
actions described in Chapter 2. The recommended lake management actions prescribe a relatively small change
of %2 to 1 foot in the minimum lake water elevatioanstruction of a wetland treatment system within the-ma

made ditches of Powell Marsh and an application of lime to shift the pH upwards by 0.5 to 0A8ctean

water diversion from Stepping Stone impoundment on Powell Marsh is also recommended if additional surface
water is required to maintain a minimuake elevation.
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The recommended managemaations are predicted to substantially reduce iron floc accumulation and reduce
the phosphorus levels in the lakeading to reduced iron floc accumulation, improved water clarity and
preservation of the-8tory fisheries Iron floc accumulation are predicted to decrease by 50% and water clarity
is expected to increase by 24% or greater

Establishing a Minimum Dead Pike Lake Elevation

Theaguatic plant communitis not expected to change in response t@hdriminimum lake levednd respond
favorableas a result of the improved water clarity and reduction in iron floc accumulation. Establishing a
minimum lake elevation %2 to 1 foot highghile maintaining the same ability to discharge outfleilf only

affect the low water level conditions of the lake and the fwgkerelevationsconditions of the lake will remain
unchanged. Thmcrease of4 to 1 foot minimum lake elevation is within the ramgdistoric lakelevel

fluctuations of two feebr more Figure33). In ashort period of years, the aquatic plants community is
expected to normalize around the new minimum lake le&sInoted in Chapter Bven with moderately

different lake conditions in 2008 and 2Q1ffe aquatic plant surveys continued to represent a highly diverse and
healthycommunity.

The fisheries community is expected to respond positively to the redoétiam floc accumulation due to the
reduction in potential toxicitgffectson sensitiveegg and larval life stageas well as the reduction in potential
physiobiological impacts of the iron floc on gillSimilar positive effects on macroinvertebrates and mussels
are also expectdukcause afhe reduced iron floc accumulation and improweder clarity. Because the
proposed elevation change at the outlet streammél, a¥2 to 1 foot, maintaining the existing ability of fish to
pass andnigratefrom Lost Creek int@nd out ofDead Pike Lakés feasibleand will be included in the
conceptal design phase of the project

The STELLA modeling results indicate that by establishing a higher minimum lake level at Dead Pike Lake, the
groundwater inflow volume is predicted to be reduced by about 1.45 cfs. This groundwater flow would be
divertedtoward and discharge into other discharge features including Lost, Little Bear and Sugarbush Creeks;
nearby wetlands; and the Manitowish River. Due to proximity, Lost Creek would likely pick up a substantial
portion of that discharge and downstream floaymapproach rates occurring at existing lake levels. Also, some

of the diverted flow may be lost to the atmosphere due to increased evapotranspiration resulting from increased
water table levels. Given the ground watershed of thousands of acres anchitiee af discharge features,

increases in discharge into specific streams or wetlands will be likely be small (Helmuth, pers. comm. 2018).

By examination of the surface water and structural elevations on the lake and marsh, raising the mirgmum lak
elevation is not predicted to result in high water over the top of Powell Road and not reduce the ability to
dewater Powell Marsh impoundments. The STELLA model predicimgathe outlet stream bottom by 1 foot

will result in maximumlake levelof 1957.05 fasl or approximately the same elevation of the ordinigty
watermark in the a kseuthsvest cove and at least 2 inches lower than the OHWM elevations set on the main
lake basinJefferson, 2017)The top of thé-foot culvert at Powell Road is at 1599.06 fasl and the center line

of Powell Road is at 1601.64 fasthe Powell Marsh Main Pool Impoundment with an August 2017 surface
water elevation of 1602.97, generates the head pressure for flow to Dead Pike Lelditechtht 1598.58 fasl.
Recognizing the surface water elevations were collected wherfeet of the upstream Powell Road culvert

was plgged withbeaver dam residuthe top of the Powell Road culvert is about 2 feet higher than predicted
highest lakdevel and the Main Pool Impoundment is 5.9 feet above the highest predicted lake level, water is
not predicted to back up at, and flow over Powell Road.

Recreationahnd property valuest Dead Pike Lakare predicted to improve asesult of raisinghe bottom of
the outlet stream to 1594.9 (1/2 foot) or 1595.4 (1 ffad) since this results in a predictedximum lake level

of 1597.05fasl or just below the average lake basin ordinary high water mark9#.35. Boating access from
riparian piers anthe boat launch will be enhanced by the increased minimum water level. Many property
owners have installed shoreline riprap based upon historic water d&tkésdelineated OHWM. Water levels
are expected to better align with the existing installedesprotection and shoreline erosion is not expected to
increase Property values are well documented to respond to improvements in water (¢featify, 2016)
(Krysel, 2003)and even in lake levehanagemeniKashian, 2015and accordingly, are expected to increase
with improved water clarity, reduced iron floc and increased water lav€lead Pike Lake
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Phosphorus and Iron Treatment System in Powell Marsh

The lake maagement plan recommends the construction of a wellefitter treatment system designed to
remove between 50% and 70% of the iron and phosphorus load originating in Powell Marsh State Wildlife
Area. Portions of the main ditch system downstream frorMitia Pool impoundment would be modified to
reduce groundwater inflow, shift the pH upwards and biologically remove phosphorus. Anticipated changes to
the ditch water quality and habitat include increased iron floc deposition, pH, alkalinity and terepanatu
decreases in surface water area.

With the use of aquatic vegetation within the channels, primarily targeting phosphorus uptake, no loss of
aguatic vegetation or wetland plant community impacts are expected. Plants used in the desidiftriatidino

will be native and compatible with the existing communities of Powell Marsh. Depending on the final design of
the treatment systems, regumaaintenaceof sediment and detritus removal followed by replanting will be

more frequent thamaintenanceinder the existing PMSWA area plan.

Depending on how many linear feet of ditches are modified to remove iron and phosphoruditcome

fisheries habitawvill be converted to vegetative open water marsh. The existing fisheries with a fair index of
biologicd integrity in the filled portions ofhe ditches will likely shift The increased vegetation density placed
to remove iron and phosphorus will result in greater oxygen concentration swings and likely greater anoxic
conditions during respiration at nightow oxygen tolerant fish species will become more common in the
ditches vinere treatment is constructed. While the water column is expected to have less iron and improved
water clarity with the biological treatment and small shift in pH, precipitatediir the ditches is expected to
increase which may affect some fish spawning habitat in the ditches.

Lime Application

A small increase in pH in the range of 0.6 to 0.8 to the lake basin and within the Powell Marsh ditches will
facilitate iron precipitabn and educe the formation of the iron ad$solved organic carbon complexédost

of literature available about the environmental impacts of liming is associated with the traatneuttalize
acidicconditions and evaluasubstantial pH shiftcompared tahe small shift of 0.6 to 0.8 pH unigsoposed

at Dead Pike Lake Hafsasrmeu 9 4 favkheodl ee x \woekitoilineePetér Adkanitially raisedthe pH
from 5.9 to 7.3 andventually as high as 8.3; while the reference lake remainediarte of 6.5 +/(Elser,
1986). With the 2unit shift in pH, Elser summarized the importahinges to includeansparency, dissolved
inorganic carbon and alkalinigll increased

The increased transpareragoleadsto temporal changes in algal blooms but not changes in density, a more
diverse zooplankton community and increased deeper oxygenated zones with the precipitation of the water
column humic material.The precipitated iron, manganese and dissolved orgariorcavill be transported

from the nearshore erosional zone to the deeper accumulation zones. With the oxic hypolimnion of Dead Pike
Lake, the bonds between phosphorus and iron hydroxides will remain intact and increases in hypolimnetic
phosphorus is notxpected.

The distribution and speciesmpositionof the aquatic plant community is likely to respond to the reduction of

iron floc accumulation and increases in water clarity. The expected shifts are expected to parallel changes
observed betwedhe 2®8 aquatic plant survey conducted during a clear water phase and the 2017 survey
during a lower water clarity phas&lost of aquatic plant species (#badshifts of less than 5% frequency of
occurrence from 2008 to 2017 and the Simpson index of diveva#y0.92 and 0.91 in 2008 and 2017

respectively. The maximum rooting depth of the aquatic plants did increase between 2008 and 2017 and will
likely increase in response to the improved water cléndty a lime treatmentThe fisheries,

macroinvertebra and mussel communities are expected to respond to the increased water clarity and reduction
in iron floc accumulatiomecause afhe lime treatment.

Clean Water Diversion

At this time, a clean water diversion from the Powell Marsh Stepping Stgmeinmdment iproposed only if

additional water is needed he diversion of water from the Powell Marsh Stepping Stone impoundment may

not be required i f sufficient water inflow from Pow
level can besstained. If additional surface water source is required, Stepping Stone Impoundment would be a
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surface water source with lower concentrations of iron compared to the inflow at Powell Road from the main
ditch (1.97 mg/L vs 3.52 mg/L in 2017) and lower cemtrations of phosphorus (1818/L vs 40.6ng/L).

However, Stepping Stone Impoundment functions damportantopen water system with natural aquatic and
wetland plant ommunities If water levels on Stepping Stone Impoundment are lowered or alteesopen

water habitat would be reduced and secondary impacts to the aquatic and wetland plant communities would be
expected. These shifts in habitat would result in changes to the use of this area by many species of animals and
birds.

The goals of any digned diversion would be to supplement the water supply to the Stepping Stone
Impoundment to maintain the existing aquatic and wetland habitat communities. Flow could be diverted from
the Little Trout Impoundment to Stepping Stone rather than to the Réamih Ultimately, if a clean water

diversion was necessary to maintain minimum lake elevations, a full assessment of the potential impacts to
Stepping Stone Impoundment and Powell Marsh would need to be made with amendments to the Powell Marsh
State Wildife Area Master Plan.

11 Lake Management Alternatives
The recommended management actions are described in detail in Chenpdéhis Chapter prodes an

overview of the differenake management alternatives evaluated as part of developing this lake mamiage

plan.

For decadeghe Dead Pike Lake Association has been interestieaplementingwatershed and itake

management actions to address the water quality concerns associated with iron, manganese and phosphorus.

2017, surface ater and groundwatenonitoring andnodding work was completed byWDNR and Applied
Ecological Services (AES), hired by the Town with financial support IIDNR. AES hasextensive

experience usin§TELLA, a dynamic modeling platform, to evaluate lake management acticediuice iron

and phosphorus loadir{@pfelbaum, 2018)

Table 19. Lake and Watershed Management Alternatives
Management Description Operations & | Regulatory | Cost Notes
Alternative Management | Rank Rank
No Change No significant changes | Low Low Low Not selected
to Powell Marsh or lake. DPL water quality
goals not achieved
Rewilding of Return Powell Marsh to | Low High High Not selected
Powell Marsh pre-ditch and pre- PMSWA master @n
impoundment goals not achieved
conditions.
Inflow Diversion Bypass inflow at Powell | Low High Medium | Not selected
Road around Lake to Groundwater iron
west, directly into Lost load not addressed
Creek DPL water quality
goals not achieved
PMSWA Master Install wetland ditch Low Medium Low Not selected
Plan, Main Ditch plugs in NS ditch from Ditch plugs will
flow red irection Main Pool Flowage increase
structure groundwater flow of
iron into lake
DPL water quality
goals not achieved
PMSWA Master Divert Little Trout Low Low Low Not selected
Plan z Remove Flowage flow into marsh Increased nutrients
Little Trout Dam for treatment by existing have already
wetland promoted the
growth of reed
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canary grass
downstream of
flowage z risks
expansion of RGC in
marsh.

Biofilter in Backfill North-South and | Low Medium Medium | Selected
Lower Mars h EastWest ditch to seal Reduces 50% to
from groundwater. 70% of iron and
Install wetland biofilter phosphorus loading
vegetation from marsh
DPL water quality
goals achieved
Clean Water Divert lower iron and Low High Medium | Selectedif required
Diversion phosphorus water from supplemental flow
Stepping Stone is needed to
impoundment into lake maintain minimum
combined with biofilters lake levels
as needed DPL water quality
goals achieved
Increase Surface | Install limestone in Low Medium Low Selectedfollowing
Water pH ditches and along lake reduction of iron
shoreline for passive and phosphorus
increase of pH. After loads
iron loading has been DPL water quality
reduced, treat lake basin goalsachieved
with lime.
Maintain a Increase the bottom Low High High Selected
Minimum Lake elevation of the oulet Significantly
Elevation stream at DPL. reduces
groundwater inputs
of iron and
phosphorus

DPL water quality
goals achieved

Modified from Applied Ecolog ical Services final report (Apfelbaum, 2018)

12 Summary

The completion of the 2018 Dead Pike Lake Managetkmthas been accomplished through an open
partnership between the Dead Pike Lake Assaociation, the Town of Manitowitgns/dnd the Wisconsin
Department of Natural Resources wdinection and support from the Natural Resources BoApplied

Ecological Services provided modeling, lake and wetland ecosystem analysis and toxicology infoluaatyon.

other partners have otributedto the collection and analysis of data including

1 GFlowmodel development by DNR Groundwater staff,

Local water quality and flow monitoring by DNR water quality and wildlife staff,

il
1 Shared specialized equipment and technical assisfeorodJSGS,
il

Technical and field assistan@éisconsin State Laboratory of Hygieard DNR toxicologist
staff, andAquatic plant survey work byyW-Trout Lake and DNR water quality staff.

The management actions recommended in Chapter 2 of the lake managementljaiaachvpon extensive

monitoring and modeling work. Implementation of the management actions are set forward in a step by step

manner using evaluation monitoring for adaptive and reversible management actions.
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Figure 2. Dead Pike Lake Location Map
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Figure 3. Glacial Deposits Near Dead Pike Lake and Powell Marsh
Glacial deposits described by Attig1985) around Dead Pike Lakerad Powell Marsh.

Figure 4. 1860 Original Government $irvey and Presentday Surface Water Map.

Dead Pike Lake and Powell Marsh area fro®6D (left) Original Government SurvefBCPL, 2018and
presentday surface water featuregright) mapped in Department of Natural Resources Surface Water Data
Viewer(WDNR, Surface Water Data Viewer, 2018a)
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